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1 
 Introduction

 
1.0 Introduction 
 
The Wind Energy Program (“Wind Program”), man-
aged by Office of Energy Efficiency and Renewable 
Energy of the United States Department of Energy, 
is a broad-based effort focused on increasing the 
viability of wind technology for use in the emerging 
energy marketplace. The Wind Program is one ele-
ment of the Office of Wind and Hydropower Tech-
nologies Program.  
 
1.1 Scope  
 
This Multi Year Program Plan describes the Wind Program’s support for research on 
wind turbines for utility and distributed applications. The Plan includes activities that 
target both technology development and institutional barrier reduction. Because wind 
systems can meet a wide range of needs in the marketplace, the Wind Program is 
sponsoring activities that target the needs of the wind research community, manufac-
turers, wind plant developers, and the energy-consuming public. 
 
This Plan describes program research activities and milestones for a six fiscal year 
time horizon (2005-2010). In developing the Plan, the Wind Program assumes that 
funding levels will remain at about the FY 2004 levels until the latter part of the plan-
ning horizon, when activities will begin to taper off as goals for elements of the pro-
gram are met and research activities conclude. 
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2.0  Background 
 
2.1 Program History  
 
The Federal government has been sponsoring wind systems research since 1972. The 
early program, at the National Science Foundation, was driven by the needs of electric 
utilities and by the potential of wind as a "fuel saver" during the oil crisis. This utility 
focus led to a program to develop large-scale wind turbines. Other elements of the 
early program included technical and market analysis, environmental impact assess-
ment, innovative systems design, vertical axis wind turbine development, and rural 
applications. The program also provided design review and testing for small turbine 
manufacturers.  
 
At that time, analysts believed that large turbines had a strong potential for economies 
of scale, that energy production would be increased by tapping the better resources 
accessible using taller towers, and that utilities would primarily be interested in lar-
ger-sized units. When the program began, the feasibility of using large wind turbines 
(defined as turbines rated at 100 kW or larger) for grid-tied generation had not been 
established. The Mod-0, installed in 1975, and its variant, the Mod-0A, a 100-kW tur-
bine that was operated at four sites, proved the feasibility of large turbine technology 
and provided a test bed for further innovation. The first megawatt-scale wind turbine, 
the Mod-1 (1979-1980), generated annoying noise, leading to research into noise miti-
gation. Three Mod-2 turbines, rated at 2.5 MW each, were deployed from 1980-1986. 
These turbines demonstrated several design innovations, but also experienced loads 
and stresses that were far above those originally anticipated. The 3.2-MW Mod-5B, the 
largest and last turbine in the series, corrected the significant design shortcomings of 
the Mod-2 machines and passed its acceptance tests in 1988, but never achieved 
commercial acceptance, in part because of the unfavorable market conditions created 
by low oil prices. While these large turbine designs were never deployed commercially, 
this research identified the limitations of early design approaches and helped define 
the scope of subsequent research and development efforts. 
 
Other notable program work in the late 1970s and early 1980s included: the develop-
ment of a National Wind Atlas that is still in use today, in updated form; initiation of 
airfoil research that reduced sensitivity to fouling, which was a problem with blade de-
signs using aircraft airfoils; and work on improved materials and structural designs 
that has developed into an extensive knowledge base used by today’s designers. That 
early work also began to define the somewhat unexpected complexity of the wind in-
flow, and to identify ways to mitigate its negative effects on turbine reliability and life-
time. 
 
Due to favorable development incentives and regulatory reforms, California became a 
hotbed of wind power development between 1981 and 1985. (Figure 1 provides a chro-
nology of developments in the post-1980 era.) The turbines used in these early com-
mercial installations were all much smaller than the systems developed by the DOE 
Large Turbine program. Industry developed these small systems to reduce risk in the 
absence of modeling and design tools. The incremental steps followed by the small 
turbine manufacturers al lowed extrapolation of lessons learned to machines of in-
creasing size and sophistication, while taking advantage of available policy support. 
The initial California turbines came from U.S. companies, but within a year or two, 
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very sturdily designed Danish, Dutch, and other European turbines captured increas-
ing market share. When new installations began 
dropping off in 1986, due to a decline in tax credits and California market incentives, 
many of the U.S. manufacturers went bankrupt. 
 

Figure 1. Wind Technology Developments Beginning in 1980

In 1990, the program refocused its activities and developed a new strategy built 
around collaborative activities with utilities and industry. This new emphasis arose 
from the experience gained from earlier R&D activities, and from guidance of the Na-
tional Energy Strategy (NES), which was developed in 1989 and 1990. An important 
element of that strategy was to help broaden wind’s use beyond California. To that 
end, four objectives were adopted: 1) maintain present generation; 2) increase industry 
competitiveness; 3) upgrade the research base; and 4) develop advanced wind tur-
bines.  
 
The Advanced Wind Turbine (AWT) Program was initiated by the Department of Energy 
in 1990 to assist the U. S. industry in incorporating advanced technology into its wind 
turbine designs. 
 
The first phase of the AWT Program, Conceptual Design Studies, which was completed 
in 1992, identified and evaluated improvements that were intended to make existing 
wind turbines more competitive over the following few years. It also explored more ad-
vanced configurations that would be competitive for bulk-electricity generation in later 
years at sites having moderate wind speeds.  Study results indicated that these ad-
vanced configurations were capable of achieving substantial improvements in per-
formance, reliability and cost of energy. 
 
The second phase of the AWT Program, Near Term Product Development, continued 
for nearly four years. This effort involved the fabrication and testing of prototype tur-
bines designed to produce electricity for $0.05/kWh or less at 5.8 m/s (13 mph) sites 
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in the “near term”.  These products were intended to bridge the gap between earlier 
technology and the "next-generation" of utility-grade turbines. 
 
The third phase of the AWT Program, Next Generation Product Development, stimu-
lated U. S. industry to explore new concepts and to apply cutting-edge technology to 
the development of prototype, utility-grade wind-turbine systems.  The stated objective 
was to produce electricity for $0.025/kWh or less at  6.7 m/s (15 mph)  sites.  This 
third phase was managed as a two-part process. In the first part, the Innovative Sub-
systems Project, DOE supported industry in developing and testing of innovative com-
ponents and subsystems.  In the second part, the Next Generation Turbine Develop-
ment Project (NGTD), DOE assisted industry in developing utility-grade, wind-turbine 
systems that would incorporate these, and other, innovations.  
 
The NGTD began with three Concept Definition Studies, which were intended to de-
velop reliable performance and cost estimates for the Subcontractor's proposed sys-
tems, along with a preliminary work plan, budget and schedule for the Prototype De-
velopment stage of the project. Beginning in 1997, two turbines were developed under 
this activity and one of these designs emerged as a very successful commercial prod-
uct. 
 
The industry-driven strategy that was implemented in the early 1990s laid the 
groundwork for today’s R&D program. It began a series of program-sponsored efforts 
to work closely with industry to develop wind turbines that are significantly more cost-
competitive than their predecessors. 
 
The remainder of this Plan details the focus and strategy of the Wind Program as it 
builds upon the important R&D successes of the 1990s. 
 
2.2  Authority 
 
The Wind Program operates under the following statutory authorizations: 
 

• P.L. 94-163, Energy Policy and Conservation Act (EPCA)  (1975) 
• P.L. 94-385, Energy Conservation and Product Act (ECPA)  (1976) 
• P.L. 95-91, Department of Energy Organization Act  (1977) 
• P.L. 95-619, National Energy Conservation Policy Act (NECPA)  (1978) 
• P.L. 101-218, Renewable Energy and Energy Efficiency Technology Competi-

tiveness Act of 1989  
• P.L. 101-575, Solar, Wind, Waste and Geothermal Power Production Act of 1990  
• P.L. 102-486, Energy Policy Act of 1992 (EPACT)  

 
In addition, low wind speed technology development is recognized in the National En-
ergy Policy (NEP) as an opportunity for significantly expanding wind energy use. 
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3.0 Program Goals, Planning and Evaluation 
 
3.1 Vision of Wind Future 
 
Wind energy will become a major source of energy for the nation, which has only be-
gun to tap its vast wind resources. The wind community has set a target of 100 GW of 
wind electric capacity installed in the U.S. by 2020. At that level of utilization, wind 
will be displacing about 3 quads (quadrillion Btu) of primary energy per year, and 65 
million metric tons of carbon equivalent per year. Extensive deployment of smaller 
wind systems, in distributed settings, is also part of industry’s target. The Wind Pro-
gram embraces this vision of the future potential for wind.  
 
A number of non-technology factors have helped to bring the U.S. market to where it 
is today. Among these are the Federal Production Tax Credit, state-mandated renew-
able portfolio standards, and a growing market for consumer-purchased green power. 
The rapid improvement of wind technology, when added to the impetus provided by 
these market factors, will position wind to compete to become a significant source of 
energy for the future. 
 
As the DOE wind energy program looks to the future, there appear to be three devel-
opment paths that utility-scale wind technology may follow. Each of the three paths 
will have its own set of technology challenges and will encounter its own unique non-
technology barriers. All three of these paths emanate from current technology, which 
is oriented toward producing bulk power from land-based wind farms.  
 
 
Land-based Electricity Path – As the program looks to the future, it envisions that 
land-based systems will continue to grow in size, to the 2-5 MW range (Figure 2). This 
path is an important focus of the current DOE program and is expected to result in 
very cost-competitive turbine technology in the 2012 timeframe. The Program’s efforts 
will also open up vast resources to wind development and will bring wind-generated 
electricity closer to major load centers. Turbine technology development efforts, such 
as are described in this plan, will help the technology to become cost-competitive. Ul-
timately, the primary barriers to the use of this technology will be those presented by 
system integration issues, including the capability and availability of the U.S. trans-
mission system. 
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Figure 2. Three Evolution Pathways for Utility-Scale Wind Technology
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Many of America’s low wind speed sites are located in America’s heartland on farms, 
ranches, and in rural communities from central and northern Texas to the Canadian 
border. Class 4 sites are also found along many coastal areas, including the Great 
Lakes. Figure 3 shows the abundance of lower wind sites and illustrates the 20-fold 
greater potential for wind in the U.S. if those sites can be used cost-effectively. These 
sites are also significantly closer to the major load centers than Class 6 sites. The cur-
rent average distance between Class 6 resource areas and the 50 largest load centers 
is nearly 500 miles. The average distance for most Class 4 sites is about 100 miles. 
Reducing that distance could significantly lower transmission costs and the need for 
additional transmission infrastructure. 
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Figure 3. Wind Resource, Transmission, and Load Centers
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Figure 3. Wind Resource, Transmission, and Load Centers

 
Offshore Electricity Path – The second evolution pathway envisioned is a migration 
of current technology to offshore sites. At first, this will be into relatively shallow wa-
ters, and then later into deeper waters. These turbines are expected to be significantly 
larger – in the 5 MW and greater range. The program has a goal of 5 cents/kW for 
Class 4 shallow water sites by 2012, and is currently evaluating what goal might be 
appropriate for deep water technology. As the technology progresses along this path-
way, other than cost, regulatory (siting) barriers are likely to be the most significant 
obstacles to offshore development. 
 
To date, offshore wind developments have been limited to waters shallower than 30 
meters in the North and Baltic Seas. At these depths, established foundation tech-
nologies can be used without significant additional R&D efforts. Preliminary estimates 
conducted at NREL indicate that there is over 900 GW of offshore wind energy poten-
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tial in the United States outside 5 nautical miles, with approximately 810 GW over wa-
ter that is 30 m and deeper. International research indicates that wind resources in-
crease with the distance from the shore. Further, one of the key drivers of developing 
this higher-density wind power resource is to greatly reduce or eliminate the potential 
visual impacts encountered near shore. However, new technologies will be needed be-
fore deep water wind turbines can be deployed economically and safely. Deeper water 
installations will require alternative substructures to support the turbines. Advanced 
offshore turbines may utilize alternative lightweight materials and have operational 
characteristics that may actually benefit from the unique deepwater offshore environ-
ment. The program has begun the process of  formulating a focused deep water wind 
energy technology R&D program. 
 
Emerging Applications Path – The third evolution pathway leads toward the design 
of turbine systems tailored for emerging applications like hydrogen production or for 
the production and delivery of clean water. The production of hydrogen would open up 
an opportunity for wind to provide low cost, clean energy for the transportation sector. 
Both of these applications present significant new challenges to the wind community, 
and cost and infrastructure barriers are expected to be significant. The program’s vi-
sion is that this evolution pathway will begin to have an impact on the marketplace in 
the post-2020 timeframe. 
 
3.2 Goals and Objectives 
 
3.2.1 National Needs  
 
The United States faces many challenges as it prepares to meet its energy needs in the 
twenty-first century. Electricity supply crises in California, fluctuating natural gas and 
gasoline prices, heightened concerns about the security of the domestic energy infra-
structure and of foreign sources of supply, and uncertainties about the benefits of re-
structuring are all elements of the energy policy challenge. 
 
3.2.2 DOE Goals  
 
The Department of Energy Strategic Plan (September 30, 2003) describes four strate-
gic goals in support of achieving the Department’s mission. These goals are in the ar-
eas of defense, energy, science, and the environment. The Energy Strategic Goal is the 
most relevant to the Wind Program. All of the Wind Program’s efforts support that 
goal, as shown in Figure 4.  
 

Energy Strategic Goal: To protect our national and 
economic security by promoting a diverse supply of reliable, 

affordable, and environmentally sound energy.

Energy Security:Enhance energy security by developing 
technologies that foster a diverse supply of affordable and 

environmentally sound energy … exploring advanced 
technologies that make a fundamental change on our mix of 

energy options …

Wind Program Goals and Performance Targets
(as described in this document)

Figure 4. Relationship of Wind Program Goals to DOE Strategic Goals
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3.2.3 Office of Energy Efficiency and Renewable Energy Goals 
 
The Office of Energy Efficiency and Renewable Energy (EERE) leads the Federal gov-
ernment’s research, development, and deployment efforts in energy efficiency and re-
newable energy. EERE’s Strategic Plan, published in October 2002, describes nine 
strategic goals. These include reducing dependence on foreign oil, reducing the burden 
of energy prices on the disadvantaged, increasing the efficiency of buildings and appli-
ances, reducing the energy intensity of industry, and creating a domestic renewable 
energy industry. Most relevant to the Wind Program is the priority to: 
 

Increase the viability and deployment of renewable energy technologies, by 
improving performance and reducing costs, and by facilitating market adoption 
of renewable technologies. 
 

3.3 Wind Program Mission and Goals 
 
Responding to these national energy policy priorities, the Wind Program has recently 
begun charting new directions for its efforts. These directions are being organized 
around the two thrusts described by the Assistant Secretary for Energy Efficiency and 
Renewable Energy. They are:  
 

• Increasing the viability of wind energy - developing new cost-effective technology 
for deployment in less-energetic, Class 4 wind regimes; developing cost-effective 
distributed, small-scale wind technology; and performing research that sup-
ports these technology viability activities. 

• Increasing the deployment of wind energy - helping facilitate the installation of 
wind systems by providing supporting research in power systems integration, 
technology acceptance, systems engineering, communication and analytical 
support. 

 
The wind program research portfolio includes both near-term and long-term focused 
research to provide a balance between the need to work with industry to solve pressing 
short-term technical issues and the need to maintain U.S. industry momentum as a 
technological innovator. Balancing this portfolio and assuring that a variety of ap-
proaches exist to achieve the goals are the challenges of the program planning func-
tion.  
 
3.3.1 Program Mission 
 
The Wind Program’s mission is to “support the President’s National Energy Policy and 
Departmental priorities for increasing the viability and deployment of renewable energy; 
lead the Nation’s efforts to improve wind energy technology through public/private part-
nerships that enhance domestic economic benefit from wind power development; and 
coordinate with stakeholders on activities that address barriers to use of wind energy.” 
 
3.3.2 Program Goals 
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The program has defined goals for its technology viability and technology application 
activities that will position wind as an attractive advanced technology option for the 
twenty-first century. These goals are: 
 

• By 2012, reduce the cost of electricity from large wind systems in Class 4 winds 
to 3 cents/kWh for onshore systems and 5 cents/kWh for offshore systems. 

• By 2007, reduce the cost of electricity from distributed wind systems to 10-15 
cents/kWh in 2007 in class 3 wind resources, the same level that is currently 
achievable in class 5 winds 

• By 2012, complete program activities addressing electric power market rules, 
interconnection impacts, operating strategies, and system planning needed for 
wind energy to compete without disadvantage to serve the Nation's energy 
needs. 

• By 2010, facilitate the installation of at least 100 MW of wind energy in 30 
states. 

 
3.4  Strategic Planning  
 
Figure 5 provides an overview of the program’s strategic planning framework, which 
has two elements. First, the program has an on-going Technical Assessment activity – 
to monitor the current status of wind technology and progress in achieving program 
cost goals, to evaluate that status within the context of the needs of the marketplace, 
and to identify technological pathways that will lead to wind’s successful competition 
in the marketplace. The program also uses a formal Peer Review process – to benefit 
from the guidance of industry and the research community, and to provide an outside 
view of the program. As shown in Figure 5, Technical Assessment and Peer Review 
provide inputs that the Program Management Team considers in making decisions 
about strategic program directions and funding priorities. The Technical Assessment 
and Peer Review activities are described in the following sections. 
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3.4.1 Technical Assessment 

he technical assessment process ensures that every research activity supported by 

he technical assessment effort is built around a Technology Pathways structure. In 

st 

he technical assessment process can be described as including three steps: 

program identifies areas of possible cost reduction or performance enhance-
 

, 

 
 

2. 
achieve the TIOs. Each re-

 
T
the program can be demonstrated to have a direct link to achieving the top-level objec-
tives and goals of the Wind Program, the Office of Energy Efficiency and Renewable 
Energy, and DOE. The technical assessment process is outlined in Figure 6 and de-
scribed in more detail in Appendix A. 
 
T
developing the focus on Class 4 resources, program researchers, technical consult-
ants, and peer reviewers have defined a 2002 Reference Turbine configuration, again
which R&D progress is being measured. This 2002 Reference Turbine is the beginning 
point for the pathways analysis and the reference point for the technical assessment 
activity. The Technology Pathways analysis structure is used to assess all program 
support for technology development, as will be described in Chapter 5. 
 
T
 

1. Characterization of Technology Improvement Opportunities – In this step, the 
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ment to the reference configuration, or Technology Improvement Opportunities
(TIOs). Examples of TIOs include rotor efficiency enhancements, taller towers
and reduced design margins. These improvements are then further assessed, 
using the Wind Technology Pathways Model, to quantify their potential contri-
bution to improving the technology’s cost-effectiveness. Cost of energy is used 
as a focus for this analysis because it captures the capital investment cost and
performance trade-offs facing turbine designers. Appendix A provides a detailed
discussion of the Wind Technology Pathways Model. 
Research Activity Prioritization and Performance Goals – In this step, program 
planners identify the research activities necessary to 
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search activity’s potential contribution to technology improvement is identified.
Research activities that contribute little to achieving technical targets (such as 
RA4 in the example figure) are terminated. Those contributing the most are 
given the highest funding and management priority. 
Detailed Portfolio Planning – Finally, after developing a prioritized list of re-
search activities, program planners then formulate th

 

3. 
e program’s research plan 

 
An imp ical Assessment process is to perform annual as-
essments of progress toward program goals, and to incorporate peer review feedback 

s-

e Wind Program holds its formal peer review. The peer review 
rocess provides a means for the program to receive formal feedback on its efforts. 

-
 

o-

nsive three to four day technical event with topical 
essions structured around major program research efforts. The presentations are 

-
 
es 

Performance Measurement and Strategic Assessment  

tracking proc-
ss to guide multi-year planning and to realize the benefits of performance-based 

 in 
 

plementation Documents 

over the planning horizon.  

ortant element of the Techn
s
into program prioritization activities. The analyses conducted under this Technical A
sessment activity are also used in program estimates of annual benefits under the 
Government Performance and Results Act (GPRA). 
 
3.4.2 Peer Review 
 
In May of each year, th
p
Peer reviews are conducted in a manner that conforms to Departmental guidance for 
the conduct of peer reviews. The results of the review are considered when the man
agement team evaluates potential adjustments to program direction. A senior program
advisor, who has strong technical credentials but is not directly affiliated with the pr
gram or any of the programs’ contractors, manages the peer review process. This Peer 
Review Director works with program personnel to select the peer review team, which 
typically has five to ten members. 
 
The Peer Review Meeting is an inte
s
open to all invitees (including staff from headquarters, the labs, contractors, etc.). 
Speakers make formal presentations on their research programs and then are sub-
jected to questions. The Peer Review Panel is facilitated in its deliberations, and pre
sents its findings in the Peer Review Report. During the summer, peer review efforts
are incorporated into the portfolio evaluation effort. In the fall, the program reconven
the peer review team to reach an understanding about program priorities and direc-
tion.  
 
3.4.3 
 
The program uses a formal performance measurement and technology 
e
management. The Wind Technology Pathways approach, described in Section 3.4.1 
and Appendix A, is also used for this progress measurement process. As described
Chapter 4, the program has identified four goals that encompass all of the program’s
activities. Tracking annual progress toward meeting these goals is an important ele-
ment of the program’s performance measurement strategy. Specific details about how 
each of these four is defined, and how they will be tracked, are found in Sec-
tions 5.1.2, 5.2.2, 6.1.2, and 6.2.2. 
 
3.4.4  Program Planning and Im
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The combined efforts of the Technical Assessment and the Peer Review result in four 

Strategic Plan – a broad statement of the program’s goals, objectives, and priori-

• Year Program Plan – a detailed description of program activities and sched-

h 

• 

•  Technology Update – an annual report on progress made from 

key program documents: 
 
• 

ties.  
Multi 
ules, milestones, and performance metrics for each Research Activity. Like the 
Strategic Plan, the Multi Year Program Plan is a forward-looking document. Bot
documents require assumptions to be made about future funding levels. 
Annual Operating Plan– a specific plan for the current operating year. The AOP is 
different from the Strategic Plan and the Multi Year Program Plan in that it re-
flects the actual funding levels of the current year and the current status of re-
search efforts. 
Annual Turbine
the 2002 reference turbine baseline technology toward program technology per-
formance goals.
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4.0 Technical Plan Overview 
The Wind Program focuses on the dual elements, or Key Activities, of its mission – to 
increase the technical viability of wind systems and to increase their deployment in 
the emerging marketplace. Figure 7 shows that there are six subkey activities in these 
two elements.  

nsors research on systems integration, technology acceptance, and 
systems engineering and analysis. Figure 7 also lists the Research Goal for each sub-

lly. 

Goal A
By 2012, COE from large 
systems in Class 4 winds 
3 cents/kWh onshore and

5 cents/kWh offshore 

Goal C
By 2012, complete 
program activities 

addressing electric power
market rules, 

interconnection impacts, 
operating strategies, and 

system
planning needed for wind 

energy to compete without 
disadvantage to serve

the Nation's energy needs

Goal D
By 2010, at least 100 MW 

will be installed in 30 
states.
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Figure 7. Wind Program Structure

For Technology Viability, the program is pursuing low wind speed technology, distrib-
uted wind technology and supporting research and testing to achieve continued pro-
gress in the two technology development areas. To increase Technology Application, 
the program spo

key activity and provides a brief summary of primary research efforts in each area.  
 
Table 1 provides a key activity-level summary of the funding profile assumed for this 
plan. Details are provided in Sections 5.0 and 6.0. The profile shown assumes a rela-
tively constant total funding level. Because final funding decisions are made by the 
Department of Energy on a year-by-year basis, this projection will be revisited annu-
a
 

Table 1. Multi Year Funding Profile for 
Wind Program (millions $) 

Key Activity FY04 FY05 FY06 FY07 FY08 FY09 FY10 FY11 FY12 
Technology Viability 29.6 31.0 31.8 31.1 32.1 32.1 32.6 32.6 32.6 

Technology Application 10.0 10.6 9.8 10.5 9.5 9.5 

41.6 41.6 41.6 41.6 

9.0 9.0 9.0 

Total 41.6 41.6 41.6 41.6 41.6 
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5.0 Te ology Via it

 
The Technology Viability research efforts focus on helping industry to develop technol-
ogy that will improve the cost-effectiveness of large and small wind energy systems. 
For program management purposes, and to assure appropriate high-level management 
focus on these activities, the Technology Viability key activity is managed as three 
separate subkey activities: 1) Low Wind Speed Technology (LWST); 2) Distributed Wind 
Technology (DWT); and 3) Supporting Research and Testing (SR&T).  

 
The three Technology Viability subkey activities are closely interrelated. Figure 8 
shows the interrelationship between the LWST and DWT subkey activities and the 
SR&T subkey activity.  
 
As Figure 8 shows, success in reaching the cost goals will result primarily from the 
efforts of industry through the public-private partnerships sponsored by DOE. While 
industry partners will have the primary responsibility for those efforts, program re-
search staff will play an important enabling role. This supporting role can take several 
forms, and, depending on the specific project, might include project oversight, sup-
porting analysis, testing support, or other enabling technical support that brings spe-
cialized expertise, which the industry partners might not have in-house, to bear.  
 
Reductions in the COE from current levels to the goal level will not occur as a result of 
one single change in turbine configuration, or particular technology breakthrough. 
Those reductions will come from the combined contributions of many different, 
smaller advances. As will be described in more detail later, industry partners have 
identified a variety of technology and hardware approaches that could contribute to 
this lowering of the COE, and have proposed to pursue these changes in their partner-
ships with DOE. The program refers to these as Technology Improvement Opportuni-
ties (TIOs). As the program tracks progress toward the COE goal, it also tracks pro-
gress against each of the TIOs. Appendix A provides a more detailed description of how 
TIO progress and COE progress are inter-related and tracked. 
 
The program tracks and reports annual progress in COE reduction through a process 
program researchers have named the “Annual Turbine Technology Update.” In this 

chn bil y  
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Figure 8. Interrelationships Among Technology Viability Activities
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Multi Year Program Plan, COE reductions, and the Annual Turbine Technology Up-
easure for Technology Viability activities. date, are used as the performance m

 
The remainder of this chapter describes the program’s plan for Technology Viability. 
Table 2 provides a detail of the annual funding assumptions for subkey activities un-
der Technology Viability. Because program funding allocation decisions are made an-
nually, these values may be adjusted each year and do not in any way represent a 
commitment by the program to future funding. 
 

Table 2. Multi Year Funding Profile for 
Technology Viability (millions $) 

Key Activity FY04 FY05 FY06 FY07 FY08 FY09 FY10 FY11 FY12 
Low Wind Speed Technology  11.8 12.0 14.0 13.3 14.3 14.3 14.8 14.8 14.8 

Distributed Wind Technology 1.9 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 

Supporting Research and Testing 16.0 17.0 15.8 15.8 15.8 15.8 15.8 15.8 15.8 

Total 29.7 31.0 31.8 31.1 32.1 32.1 32.6 32.6 32.6 
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.1 Low Wind Speed Technology 5

 
The Low Wind Speed Technology (LWST) subkey activity 
is advancing the development of technology that will 
allow wind to compete in Class 4 (average wind speeds 
of 5.8 m/s at 10 m height) wind regimes. The 
availability of technology that can compete in these 

ind regimes is important 
expansion in the U.S. due 
availability of Class 4 wind re
offs
 
5.1
 
The research goal of the Low Wind Speed Technology subkey activity is: “By 2012, re-
duce the cost of electricity from large wind systems in s nd  3 ts/kWh 

r onshore systems and 5 cents/kWh for offshore systems.” 

.1.2 Technical Challenges 

he challenges faced by industry in developing new technologies are many. Innovative 
r advanced technologies are expected to be major contributors to future machine de-

signs. Technologies that address the opposing design requirements of weight, cost, 
and reliability are essential to wind’s continued growth. Ultimately, a much better un-
derstanding of the design and safety factor tolerances driving cost and reliability must 
be achieved if advanced turbine system designs are to be truly optimized.  
 
In the 1970s and 1980s wind turbines used classical control designs to regulate power 
and speed. The methods used, however, were not always successful. These systems 
often had bandwidths large enough to destabilize low-damped flexible modes leading 
to high dynamic load fatigue failures. Modern turbines are larger, mounted on taller 
towers, and are more dynamically active than their predecessors. Control systems to 
regulate turbine power and maintain stable closed-loop behavior in the presence of 
turbulent wind inflow will be critical for these designs. New advanced control ap-
proaches and paradigms must account for low-damped flexible modes in order to re-
duce structural dynamic loading and achieve the 20-25 year operational life required 
of today’s machines. 
 
Competitive COE levels for wind have been achieved to-date by focusing development 
on Class 6 sites and by taking advantage of the federal Production Tax Credit (1.8 
cents/kWh in 2003 $). With favorable financial terms, wind farms at Class 6 sites can 
market electricity at prices of 4 cents/kWh or less, without the subsidy. However, 
many Class 6 sites are located in remote areas that do not have easy access to trans-
mission lines. In addition, as more and more sites have been developed, prime Class 6 
sites that are easily accessible are becoming scarce. The full development of accessible 
Class 6 sites may cause wind energy growth to plateau in the near future unless im-
provements in technology can make lower wind speed sites more cost effective. 
 
To this date, wind turbine designers and manufacturers have had little need to look 

w to wind’s continued 
to the wide-spread 

sources, both onshore and 
hore.  

.1 Goal 

Clas 4 wi s to  cen
fo
 
5
 
T
o
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beyond designing for Class 6 sites. This has allowed them to proceed with a steady 
crementally lower costs. By pursuing 

n able to lessen design risk. However, 
tudies conducted under the WindPACT project indicate that more complex design im-

es in COE needed to achieve 
portunities as well as signifi-

ctricity at 4.5-5.5 cents/kWh in 
ble across the United States, depend-

 structure. Class 4 wind resources in 
t turbine designs are not 

 to low wind regimes and have only limited potential to achieve lower costs 
e WindPACT projects have identified a broad range of concepts that have 
trated in studies to reduce the overall cost of energy. Given this potential, 

e challenge now remains of reducing those concepts to practice. Many wind energy 

tly envision many potential technological responses to 
ation in Class 4 winds. For instance, advanced drive 

ains will incorporate rare earth permanent magnets for generator excitation. They 

aterials 
uch as carbon fiber, and may incorporate passive control mechanisms. Advanced 

 

s. 

s-

 
 have 

et to be explored or seriously considered in Europe, especially those that will allow 
 

progression toward larger rotor diameters and in
incremental design changes, they have also bee
s
provements will be required to achieve the greater decreas
the DOE goals. These design improvements represent op
cant challenges. 
 
Wind turbines are currently capable of producing ele
the Class 4 wind regimes that are broadly availa
ing on many factors including project financial
the U.S. are relatively well characterized. However, curren
well-suited
of energy. Th
been demons
th
companies are using the WindPACT studies as a guide to the selection of advanced 
technologies for development.  
 
Program researchers can curren
the challenges presented by oper
tr
will use novel drive train configurations such as reduced gearbox stages and low speed 
and medium speed generators. Advanced power electronics will allow variable speed 
operation while improving overall drive train and power conversion efficiency. Such 
power converters will also allow higher quality power for electrical grid connection. Ad-
vanced rotors may be field assembled, have a lower blade chord (width) and run at 
higher tip speeds to reduce rotor loads. They will be made from advanced m
s
controls will help to improve performance and reduce system loads while monitoring 
overall system health contributing to reductions in maintenance cost. Higher rotor 
blade tip speeds will challenge designers to reduce aeroacoustic emissions. To take 
advantage of higher velocity winds at higher altitudes, new towers will be developed 
that are less expensive, are made of advanced materials, and can be assembled onsite
to reduce transportation costs. Such towers may also provide for self erection to re-
duce the significant costs associated with placing turbine nacelles on taller tower
Advanced designs must also account for poorly understood turbulence and velocity 
changes associated with nocturnal jets as they dip to within wind turbine operating 
heights. 
 
While the technical issues associated with onshore LWST turbine development are 
relatively well understood and a fairly well defined approach can be identified, the 
same cannot be said for offshore wind technology. Current design concepts and vi-
sions are based upon limited experience with sheltered shallow water sites. Costs a
sociated with offshore technology currently run 1.3 to 1.5 times higher than onshore 
developments, or 7-8 cents/kWh. U.S. experience is literally nonexistent though sev-
eral projects have been proposed and are in the preliminary stages of development. 
U.S. locations with significant resources do not match previously developed European
sites well. Many of the U.S. sites will require the application of technologies that
y
development in deeper waters, which may have greater wind, wave and ice loading. In
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addition, numerous environmental, political and regulatory issues exist in the U.S., 
which must be dealt with in the near term before significant development can get un-
derway. 
 
In the area of offshore development, technical challenges include issues such as com-
bined wind, wave and ice loading, geotechnical design issues (foundations, floating 
platforms, anchoring, and shifting ocean floor dynamics), and offshore transmission 
nd interconnection issues. An improved understanding of the offshore environment, 

li-

he strategy of the LWST subkey activity is to use public/private partnerships to 

w-

e 
ST 

h for offshore systems by 2012 (in constant levelized 2002 dollars). When the 
WST effort was initiated, program researchers projected that improvements in COE 

ch-
) 

m 

a
including impacts on avian populations and ocean mammals will be important. U.S. 
industries that specialize in ocean engineering, especially in deep water applications, 
will contribute a great deal of expertise in this arena. Every effort will be made to en-
courage teaming with these industries in developing and assessing these future app
cations.  
 
5.1.3 Technical Approach  
 
Strategy  
 
T
achieve technical advances in concept designs, component development, and full-scale 
prototypes. Figure 9 shows the LWST strategy. This work builds upon previous pro-
gram efforts – the WindPACT advanced technology studies and the Next Generation 
Turbine program. The LWST partnerships are cost-shared efforts with industry. The 
completion of each partnership cycle represents an important Wind Program mile-
stone. The strategy of using multiple rounds of solicitations serves three purposes. 
First, it allows multiple entry points, allowing industry partners to participate as each 
company’s needs dictate. Second, it gives companies the opportunity to receive follo
on funding to pursue concepts or designs identified in earlier rounds. Third, it gives 
the program an opportunity to end support for a particular idea, at pre-determined 
stage gates, if it is not producing the expected results. As can be seen in the figure, th
Supporting Research and Testing subkey activity provides critical support to the LW
effort, as will be discussed in Section 5.3. 
 
Performance Measures 
 
Levelized cost of energy (COE) will be used to measure progress in the LWST effort. 
The targeted output of this effort is a commercially available turbine prototype that 
produces electricity in Class 4 winds for 3 cents/kWh for onshore systems  or 5 
cents/kW
L
might occur as shown as the “LWST Target” trajectory in Figure 10. Program resear
ers have identified eight categories of Technology Improvement Opportunities (TIOs
that will be the focus of program research and development. These TIOs, which are 
very specific ways to improve either cost or performance, are described in greater de-
tail in Appendix A: Wind Research Portfolio Evaluation. 
 
To understand how progress is being made against that target trajectory, the progra
con ducts an annual assessment known as the Annual Turbine Technology Update 
(ATTU). Figure 10 shows the results of this annual performance reporting process, as 
of the end of FY 2004.  
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The ATTU assessment process is based on three key principles: 1) Full COE improve-
ment is realized when a product is commercialized, at the level of 100 MW of installed 
capacity; 2) Progress toward COE improvement is measured by progress on the indus
try partnerships (i.e., development subcontracts) to develop new technologies; and 3) 
Different types of partnership efforts will mature the technology to different levels. Us-
ing these three principles, the ATTU process identifies projected COE improvements 
or each partnership, identified by TIO and

FY2001 20042002 2005

Supporting Research and Testing (Laboratory Support)

2003 2006 2007 2008 2009 2010 2011 2012

Figure 9. Low Wind Speed Technology Strategy

Systems 
Development

3 cents/kWh in 
Class 6

(III) Component Development

(III) System Development

3 cents/kWh in 
Class 4

RFP

RFP

RFPRFP
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(II) System Development 

(I) LWST System Development

-

 broken down by the major elements that 
 Capital Cost; BOS - Balance of Station Cost; LRC – Level-
 – Operations and Maintenance Cost; AEP – Annual En-

rgy Production). The contribution of each partnership is evaluated, based on the type 
-
 it 

e-
e 

ined. 

f
impact COE (TCC – Turbine
ized Replacement Cost; O&M
e
of effort it represents. A conceptual study is given a very low value because it only re
sults in a design concept.  A component development effort is valued higher because
creates a piece of hardware that may be retrofit to a commercial machine. A prototype 
development is valued the highest, because it demonstrates a full  system.  The high-
est valuation is reserved for prototypes or components that achieve full  commerciali-
zation.  Progress on partnerships is measured by achievement of clearly defined mile-
stones within each project, such as Detailed Design Reviews, Test Initiation or Test 
Completion, and defined as a percent complete.  By combining the predicted improv
ment, project valuation and percent complete of the partnership, an assessment of th
COE improvement achieved at a given time can be determ
  
Figure 11 provides details of the ATTU assessment conducted for FY 2003 and FY 
2004. The COEs that resulted from these assessments are listed in Figure 10 on the 
“COE Achieved” line of the graphic.  
 

Component Development
WindPACT Component Development

(Drive Trains, Blades)

(II) Component Development 

RFP

RFP

RFP

WindPACT 
Scaling Studies

Phase IPhase I

Phase IIPhase II

Phase IIIPhase III

(I) LWST Component Development

(I) LWST Concept 
Studies

(II) Concepts

(III) Concepts

RFPRFP

Concept and Scaling Studies

Public/Private Partnerships Early ProjectsEarly Projects

Next Generation Turbine (NGT)
Class 6 Prototypes

 
Wind Energy Multi Year Program Plan  Page 19



 
 Technology Viability

If the annual ATTU assessment determines that a particular research effort is not 
yielding  
the expected results, and is unlikely to contribute significantly to future COE reduc-
tions, the Wind Program will terminate the activity. The program’s peer reviewers will 
be consulted, as described in section 3.4.2, when such determinations are being 
made. 
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Figure 10. Example of Wind Turbine Technology COE Tracking Process

Cost of Energy
(End of year, at Class 4 sites, levelized in 2002$)

 
5.1.4 Research Activities 

 
In 2001, the Wind Program launched a major new effort to reach the LWST goal. The 
program currently envisions that the LWST project will represent an increasingly lar-
ger portion of total program funds over the remainder of this decade. The strategy for 
the LWST project was developed in cooperation with industry, and guided by several 
principles: 
 

• Public/private partnerships will be developed to support continuing innovation. 
They will be flexible and adaptive, support multiple pathways, have clearly de-
fined stage gates for program termination, and offer repeated opportunities for 
new players to enter the program.  

• Both onshore and offshore technology will be eligible for funding. 
• Program research and testing activities will be closely aligned to support pub-

lic/private partnerships. 
• Applied systems integration activities will guide portfolio planning and technol-

ogy transfer. 
• Program evaluations using performance-based management techniques will 

provide a strong analytical basis for performance criteria, periodic review, and 
stage gate decisions. 

 
The LWST project will have three phases of open solicitations for the development of 
advanced technology (as seen in Figure 9). In general, each of the three phases will al-
low industry participation in three types of projects. The first type is for conceptual 
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design studies. Design studies offer an industry partner an opportunity to determine 
the probable  
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Annual Turbine Technology Update 
Through the Wind Energy Technology Pathways Analysis, the Wind Program has established a 
projected trajectory of COE improvement to achieve the onshore Low Wind Speed Turbine 
(LWST) goal of three cents/kWh in Class 4 winds by 2012.  This process is described else-
where in the Multi Year Program Plan.  As part of this process a set of Technology Improve-
ment Opportunities (TIOs) were established to identify the advances that were expected to 
lead to the LWST Goal.  The program has implemented the Annual Turbine Technology Up-
date (ATTU) process, whereby the program can evaluate its yearly progress toward achieving 
the LWST goal. 

The 2003 projection, provided below, was developed using this methodology.  This was the 
first year of projections, and the improvement is dominated by the commercial success of the 
GE 1.5 MW 77-meter turbine, developed under the program’s NGT program.  This turbine 
took advantage of advanced active controls to reduce loads, thereby allowing the lengthening 
of the rotor without adversely affecting other major components.  The successful commerciali-
zation of this machine caused a significant COE improvement. 

 
 

Technical Improvement Opportunity 

Predicted 
Improve-

ment (Per-
cent) 

Cumulative 
Improve-

ment 
To Date 

Current 
Year Im-

provement 

Improve-
ment from 
Prior Year 
(Percent) 

COE Im-
provements 
(US Dollars) 

Advanced (Enlarged) Rotors 21.23% 5.94% 5.94% 0.00% $0.0029 
Manufacturing 2.07% 0.00% 0.00% 0.00% $0.0000 
Reduced Loses and Increased Availability 5.75% 0.12% 0.12% 0.00% $0.0001 
Advanced Towers 4.37% 0.12% 0.12% 0.00% $0.0001 
Site-Specific Design/Reduced Design Margins 28.54% 0.00% 0.00% 0.00% $0.0000 
New Drive Train Concepts 3.69% 0.74% 0.74% 0.00% $0.0004 
Advanced Power Electronics 6.02% 0.41% 0.41% 0.00% $0.0002 
Learning Curve Effects 5.82% 0.00% 0.00% 0.00% $0.0000 

Total Reduction $0.0037 
Reference COE $0.0480 

New COE $0.0443 

The 2004 projection, provided below, shows a minimal improvement over 2003.  This is due 
the fact that during 2004 LWST efforts focused on the negotiation and award of a new block of 
LWST subcontracts.  While many of the subcontracts have started, they are much too early in 
their development process to impact COE greatly.  The LWST subcontracts that were still in 
place during 2004 from 2003, made limited progress, as major components were being fabri-
cated for testing, but will not complete their final testing until later in 2005. 

 
 

Technical Improvement Opportunity 

Predicted 
Improve-

ment (Per-
cent) 

Cumulative 
Improve-

ment 
To Date 

Current 
Year Im-

provement 

Improve-
ment from 
Prior Year 
(Percent) 

COE Im-
provements 
(US Dollars) 

Advanced (Enlarged) Rotors 21.23% 6.16% 0.22% 0.22% $0.0030 
Manufacturing 2.07% 0.14% 0.14% 0.14% $0.0001 
Reduced Loses and Increased Availability 5.75% 0.21% 0.08% 0.08% $0.0001 
Advanced Towers 4.37% 0.21% 0.08% 0.08% $0.0001 
Site-Specific Design/Reduced Design Margins 28.54% 0.00% 0.00% 0.00% $0.0000 
New Drive Train Concepts 3.69% 0.93% 0.19% 0.19% $0.0004 
Advanced Power Electronics 6.02% 1.38% 0.97% 0.97% $0.0007 
Learning Curve Effects 5.82% 0.00% 0.00% 0.00% $0.0000 

Total Reduction $0.0044 
Baseline COE $0.0480 

New COE $0.0436  
Figure 11.  Results of Annual Turbine Technology Updates 
 

 2003 ATTU Projection 

 2004 ATTU Projection 
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value of a particular concept by performing a paper analysis before undertaking de-

-
o 

l-
 

e 
expected to reduce the cost of an existing design, or to serve as the basis for an en-

n. The third type of project calls for the cost-shared detailed 
ll 

 

ment cycle by developing a 
complete turbine prototype. This three-phase ch with three different types of 
p
program to develop a broad portfolio chno nd partners  broadening 
of the technology base provides a higher likelihood that the goals and objectives will be 
m e. Con ly, al ners forts stabl
with clearly defined tasks and delive . Tas iews are estab  at k ts 
t  ter on o recti proj at ar
a s.  
 
Activity Status – At the end of 2004, seven subcontracts were  pa e 
Phase I of the LWST solicitations.  Two conceptual design stud n c ed. 
The subcontracts still underway include two drive train (gearbox and generators) de-

ectronics/power conditioning project, two advanced blade de-
cale advanced prototypes. Under the Phase II LWST solicita-

d 

 
two concept design studies.  With respect to the offshore portion of the Phase II LWST 
solicitation, three conceptual design es h d a n d 
t e under n on.  Offshore subcontracts still under nego-
tiation include one full-scale prototy d on ponent development (one
v e development).  Each of these sub cts focuses on a technical area 
p  a hig ntial impact on COE reduction at low wind 
s
 
T der the continua f this , the project will issue one addi-
t is final solicitation is expe or 2 ith types ble 
for testing in the 2010 – 2011 timeframe.  Component develop on
studies will be completed along more compressed timelines, to ort  for 
ccelerated transition to prototype systems, consistent with historically obser -

 major industry partners in ex-
d speed technologies for land 

based and offshore environments. The DOE program will use the WindPACT studies in 

tailed  
design and fabrication. These small scale studies (approximately $200,000) are non
cost-shared and the results are in the public domain. These studies are intended t
lead a developer to the next round of solicitations, where they may choose to more 
fully develop their idea. The second type of project is a cost-shared component deve
opment project. In this type of project, the industry partner completes detailed design
and testing of an advanced prototype component or subsystem. Such components ar

design, fabrication and testing of an advanced prototype turbine. These turbines wi
be tested in field environments that demonstrate the likelihood of achieving the LWST
goal. 
 
Each subsequent phase of solicitations offers an opportunity for a team that has de-
veloped a concept or component to complete their develop

d approa
rojects allows the  

of te logies a . Such a

et in the projected time fram verse l part hip ef  are e ished 
rables k rev lished ey poin

hroughout each project to allow minati r redi on of ects th e not 
chieving their goal

 underway as rt of th
ies had bee omplet

tion for land based technologies, six conceptual design studies have been awarded an
begun work, and an additional eight subcontracts are under negotiation in anticipa-
tion of funds availability in FY05 and later.  Land-based subcontracts still under nego-
tiation include one full-scale prototype, and five component development efforts (two 
advanced towers, one advanced gearbox, and two advanced blade developments), and

 studi
egotiati

ave been awarde nd begu work, an
wo more subcontracts ar

pe, an e com  ad-
anced blad contra
reviously identified as having h pote
peed sites. 

echnical Plan – Un tion o  effort
ional solicitation. Th cted f 007, w  proto  availa

ments and c cept 
exploit opp unities

a ved in
dustry trends.  This solicitation is expected to engage
loring the issues associated with developing low winp

velopments, one power el
velopment, and two full-s

tirely new prototype desig
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helping to evaluate the likelihood that proposed projects will contribute to COE redu
tion. Be

c-
cause no set of studies can be all-inclusive, the program will evaluate new 

-

tes 

concepts as they are identified to determine their likelihood of contributing to COE re
duction. All proposals provided by industry are required to estimate the COE reduc-
tion from any proposed technology, using a standard method. This approach facilita
the comparison of competing technologies, to assist in selecting those that offer the 
greatest return on DOE’s R&D investment. 
 
5.1.5  Milestones 
 
Milestones for the Low Wind Speed Technology subkey activity provide planning guid-
ance and a means by which progress can be tracked.  
 

 
 
 
 

turbine for onshore deployment that targets 3 
cents/kWh in class 4.

25. Begin testing first offshore deep water prototype.

Component Development

speed power converter. 
2. Begin testing of advanced blade concept

9. Begin testing of advanced components from second 
round LWST solicitation.

10. Complete test of first full-scale prototype turbine 

shallow water offshore deployment from second 
round solicitation.

24. Begin testing third round full-scale prototype 

22

Milestones
1. Complete detailed design of advanced variable 

Low Wind Speed Technology

20122011201020092008200720062005

Concept Studies

3. Begin testing first full-scale prototype turbine. 
4. Complete site selection for field testing first full-

scale LWST prototype turbine.
5. Complete fabrication and begin testing of advanced 

variable speed power converter.
6. Begin field test first full-scale LWST prototype 

turbine from first round LWST solicitation.
7. Land-based concept studies completed.
8. Offshore concept studies completed

1 5

7

9

8 12

15

16

2 12 16

Systems Development
3

from first round LWST solicitation.
11. Complete detailed design of second public-private 

partnership project for full system development.
12. Issue third round LWST solicitation.
13. Begin testing second full-scale prototype turbine for 

onshore deployment from first round solicitation.
14. Complete detailed design of direct drive prototype 

turbine for onshore deployment from second round 
solicitation. 

15. Complete testing passive load reduction blades from 
second round LWST solicitation.

16. Select public-private partnership participants from 
third round LWST solicitation.

17. Complete testing second full-scale prototype turbine 
for onshore deployment from first round 
solicitation.

18. Begin testing of direct drive prototype turbine for 
onshore deployment from second round solicitation.

19. Complete detailed design for first offshore shallow 
water prototype turbine.

20. Complete testing of direct drive prototype turbine 
for onshore deployment from second round 
solicitation.

21. Begin testing of full-scale prototype turbine for 
shallow water offshore deployment from second 
round solicitation.

22. Begin testing advanced components from third 
round solicitation.

23. Complete testing of full-scale prototype turbine for 

4 10 11 17 20 21 23 24 256 12 13 14 16 18 19
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5.2  Distributed Wind Technology 
 
The Distributed Wind Technology (DWT) subkey activ-
ity is working with the small wind turbine industry to 
develop advanced technology to make distributed wind 
technology cost-effective in much wider regions of the 
ountry, and for a wide variety of applications. Similac r 

ctivity is focusing on 
ion that can lessen the require-

ent for average wind speed, moving the design focus 

5.2.1 Goal 
 
The research goal of the Distributed Wind Technology subkey activity is: “By 2007, re-
duce the cost of electricity from distributed wind systems to 10-15 cents/kWh in Class 
3 wind resources, the same level that is currently achievable in Class 5 winds.” 
 
5.2.2 Technical Challenges 
 
The U.S. small wind turbine industry offers a wide assortment of products for various 
applications and environments. Machines range in size from those that generate 400 
watts (W) of electricity for specific small loads such as battery charging for sailboats 
and small cabins, to 3–10 kilowatt (kW) systems for residence, to those that generate 
up to 100 kW of electricity for large loads such as a small business and industrial op-
eration. Small wind turbines can operate effectively in large portions of the rural areas 
of the United States. It is estimated by industry that small wind turbines could meet 
3% of U.S. electricity consumption by 2020. 
 
It is a substantial challenge to design, manufacture, and install small wind turbines 
that are low in cost and yet rugged enough to withstand 20 to 30 years of operation in 
weather that is often severe.  Distributed wind turbine technology development is both 
an art and science. The true measure of a new design is often not known until several 
years of operation at dozens of sites. At present, there is no way to effectively duplicate 
the wear and tear of the real world during the product development stage. As a result, 
reliability has historically been the Achilles heel for small wind turbine technology. 
 
Small wind turbines (machines of less than or equal to 100 kW), though seemingly 
simple, must overcome many of the same technical barriers as those facing larger util-
ity-scale machines. Because of the need for simplicity and high reliability, small ma-
chines face other technical challenges. The importance of understanding small wind 
turbine performance has been identified in previous Wind Program activities. However, 
many issues remain poorly understood when it comes to the specific behavior of small 
wind turbines, such as furling or other overspeed control behavior, thrust measure-

ents, yaw behavior, acoustic emissions and blade and tower loads.  

 June 2002, the American Wind Energy Association released its “Roadmap: A 20-
ear industry plan for small wind turbine technology.” The Wind Program’s plan for 

DWT activities incorporates many of the Roadmap’s recommendations. 

to the LWST, the DWT subkey a
echnological innovatt

m
from Class 5 to Class 3.  
  
 

m
 
In
y
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5.2.3 Technical Approach  
 
Strategy  
 
The strategy of the DWT effort is to use public/private p
develop a cost-effective low wind speed small turbine th
needs. These partnerships may also develop cost-effecti
ers, rotors, and tall towers, and develop conceptual de
innovation. Figure 11 shows this strategy. As is the c
porting Research and Testing subkey activity provides i
The DWT partnerships als

artnerships to help industry 
at meets distributed energy 
ve components such as invert-

signs to guide future technology 
ase for LWST research, the Sup-

mportant support to this effort. 
o allow multiple entry points, offer industry the chance to 

ceive follow-on funding to pursue opportunities identified in previous rounds, and 
rovide stage gate decision points for termination of unproductive efforts. 

erformance Measures 

 is 
eeking to reduce the COE from small wind systems to the point where they have the 

nts/kWh) in Class 3 wind resources in 2007 as they 
urrently have in Class 5 resources (Figure 12). The upper end of the COE goal range 

re
p
 
P
 
The Wind Program has identified cost of energy (COE) as the primary indicator of pro-
gress in distributed wind technology development. Specifically, the Wind Program
s
same cost effectiveness (10-15 ce
c
is for grid-connected residential-sized turbines, while the lower end of the range is for 
small commercial-sized turbines.  

Concept and Scaling Studies

RFP

Public/Private Partnerships

(I) Concept Studies

Concept and Scaling Studies
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Public/Private Partnerships

(I) Concept Studies
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(I) Concept Studies
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Projects
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Figure 11. Distributed Wind Technology Strategy
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Figure 11. Distributed Wind Technology Strategy
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C

ogram’s 
ne deve

ost of energy is particularly appropriate for prototype development activities, since it 
e full systems perspective required to create a commercially viable prod-

ct. However, the program will develop performance goals for each development activ-

v-

 
5.2.4 Research Activities 
 
The DWT subkey activity is pursuing the same broad objective as the LWST effort – to 
reduce the cost of energy of wind turbines (<100 kW for distributed turbine technol-
ogy) at lower wind speed sites. In support of the DWT objectives, the program has an-
nounced a competitive solicitation for public/private partnerships to develop small 
turbine technology for lower wind regimes. The contracts with industry resulting from 
these public/private partnerships will be supported by a number of other necessary 
efforts, including design review and support, field testing, and laboratory testing.  
 
The Wind Program coordinates its efforts with other elements of the Office of Energy 
Efficiency and Renewable Energy. In particular, the Distributed Energy and Electric 
reliability program provides support in the reduction of barriers to interconnection and 
utilization. 
 
It is a substantial challenge to design, manufacture, and install small wind turbines 
that are low in cost and yet rugged enough to withstand 20 to 30 years of operation in 
weather that is often severe. Small wind turbine technology development is both art 
and science. The true measure of a new design is often not known until several years 
of operation at dozens of sites. At present, there is no way to effectively duplicate the 
wear and tear of the real world during the product development stage. As a result, re-
liability has historically been the Achilles heel for small wind turbine technology. 
 
Activity Status – The pr support for distributed turbine technology builds upon 
prior cost-shared turbi lopment activities. In 2001, the program initiated the 

embodies th
u
ity that it sponsors, recognizing that, in the smaller size range, there will be a wider 
variety of cost and performance specifications, depending on application, required le
els of reliability, etc..  

20
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Small Wind Turbine Development effort. The competitive solicitation for that project 

nce design techniques and capabilities, particularly rotor aero-
dynamics and dynamics that are unique to small wind turbines. 
 
Technical Plan – The DWT project will be implemented through a sequence of open so-
licitations (two phases) for the development of advanced technology (Figure 11). Each 
of the solicitation phases will consist of three types of projects in which industry can 
participate.  
 

• The first type of project is for conceptual design studies. Design studies offer an 
industry partner an opportunity to determine the probable value of a particular 
concept by performing a paper analysis before undertaking detailed design and 
fabrication. These small scale studies (approximately $200,000) are non cost-
shared and the results are public domain. These studies are intended to lead a 
developer to the next round of solicitations where they may choose to more fully 
develop their idea. Industry has identified improved subsystem integration as 
being a priority.  

 
• The second type of project is a cost-shared component development project. In 

this type of project, the industry partner completes detailed design and testing 
of an advanced prototype component or subsystem. Such components are ex-

e cost of an existing design, or to serve as the basis for 
an entirely new prototype design. Based on current technology status, the pro-

nd 
demonstrate the likelihood of achieving the DWT goals. 

rbine prototype. This two-phased approach with three different types of 
rojects allows the program to develop a broad portfolio of technologies and partners. 

 

 

of 
search efforts that industry has identified in its Roadmap as being important for the 

-

led to the selection of four companies to pursue advanced designs. These four designs 
are in various stages of development and testing.  
 
In FY2003, the program issued a solicitation for proposals under the first round of 
funding under the new DWT public/private partnerships. The public/private partner-
ships will work to enha

pected to help reduce th

gram expects that component efforts may focus on advanced airfoils, perma-
nent magnet alternators or generators, foundation/anchoring systems, and 
tower designs. 

 
• The third type of project calls for the cost-shared detailed design, fabrication 

and testing of an advanced prototype turbine. These turbines will be tested in 
low wind speed environments that are representative of Class 3 conditions a

 
Each subsequent phase of solicitations offers an opportunity for a team that has de-
veloped a concept or component to complete their development cycle by developing a 
complete tu
p
Such a broadening of the technology base provides a higher level of likelihood that the
goals and objectives will be met in the projected time frame. Conversely, all partner-
ship efforts have clearly defined tasks and deliverables. Task reviews are established 
at key points in each project to allow termination or redirection of projects that are not
achieving their goals.  
 
In addition to the public/private partnerships, the program will pursue a number 
re
ultimate success of small wind turbines. These are described in Section 5.3 “Support-
ing Research and Testing.” It should be noted that the Roadmap outlines a wide vari

 
Wind Energy Multi Year Program Plan  Page 29



 
 Technology Viability

ety of efforts, many of which are policy-focused and beyond the role of the DOE pro-
gram. 
 
 
 
5.2.5 Milestones 
 
Milestones for the Distributed Wind Technology subkey activity provide planning guid-
nce and a means by which progress can be tracked.  a

 
Distributed Wind Technology

 

26. Begin testing a round two DWT turbine system
27. Complete a detailed design review of another of the 

round 2 DWT grants
28. Begin testing another  round two DWT turbine 

system
29. Complete round two DWT turbine system 

development grant

2

1

Milestones
1. Complete one of the grants for DWT conceptual

conceptual design
9. Test one small wind turbine to the suite of IEC 

identified for small
10. Award grants/cooperative agreements for second of 

18. Complete the preliminary design review for another  
round 2 grant

19. Begin testing program for round 2 DWT grants
20. Complete evaluations of turbine system work under 

led design review of another of the 
round 2 DWT grants

25. Complete round two DWT component development

3 9

3

3

4

5

5 6 9

20122011201020092008200720062005

Concep

Compo

Turbine

8

2. Complete IEC Safety and Function Test on 1.8 kW 
wind turbine

3. Initiate next round of DWT solicitations for design, 
component and system

4. Complete IEC acoustic and power performance tests 
on 1.8 kW wind turbine

5. New procurement for concept design studies 
component and turbine system development

6. Complete IEC acoustic testing of 1.8 kW Small 
Wind Turbine, finishing the IEC suite of tests for 
acoustics, power, durability, and safety

7. Begin testing of one component under DWT
8. Complete all of the grants for DWT round 

12 13

16

19 2515 18

21

2210

10

t Studies

nent Development

DWT
11. Begin testing of another component under DWT
12. Evaluate final design reports for one development
13. Evaluate final design reports for another 

development
14. Begin testing one DWT turbine developed under 

grant
15. Complete the preliminary design review for a round 

2 grant
16. Complete one of the round 2 DWT concept studies
17. Complete a detailed design review of one of the 

round 2 DWT grants

10 11 14 20 23 24 26 27 2817 205

 System Development

round one of the DWT development
21. Complete another of the round 2 DWT concept 

studies
22. Complete a detailed design review of another of the 

round 2 DWT grants
23. Begin testing program for next  round 2 DWT grants
24. Complete a detai
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.3  S5 upporting Research and Testing 

he Supporting Research and (SR&T) subkey activity 
ement of technology in those criti-
een shown to have the potential to 

comprehensive design and analysis tools, and unique 
testing facilities to bear on ill 
encounter in bringing new wind technology to the marketplace. 
 
5.3.1 Goal 
 
The Supporting Research and Testing subkey activity  and 
testing support to meet the needs of the Low Wind Sp stributed 
Wind Technology research activities. Therefore, as a oals of 
the SR&T effort are the same as the LWST and DWT su
 
5.3.2  Technical Challenges 
 
Th pm  o d ed technology that will all
lower wind regimes, or in new environments such as echnical 
obstacles. Cost and performance tradeoffs are increa cus of in-
dustry turbine designers. With a trend toward taller  of gen-
erally stronger winds aloft, turbine manufactures are sis on 
understanding turbine dynamics and on identifying a es to 
control turbines in those dynamic environments. Turbines at higher hub heights, and 
with larger rotors, are also subject to unpredictable, flow. 
Such wind conditions make the turbine designer’s w
 
As was described in greater detail in Sections 5.1.2 a  possible 
design responses to these technical issues. These res
LWST and DWT public/private partnerships being ru
be described in the remainder of this section, program researchers are providing a 
wide range of technical support to these partnerships
 
5.3.3 Technical Approach  
 
Strategy  

he strategy of the SR&T effort is to use the research staffs of the National Wind Tech-
nology Center (NWTC) and Sandia National Laboratories (SNL) to perform wind tech-
nology-specific research targeted to help industry improve the performance of compo-
nents and fully integrated turbine systems. To that end, program researchers work 
closely with industry to define and prioritize those research activities that address 
their specific long and short term requirements. On occasion, program researchers 
may also contract with universities and other research organizations for SR&T efforts. 
 

 
T
supports the advanc
al areas that have bc

reduce the cost of energy of large utility-scale and small 
distributed wind systems in low wind speed regimes. 
The SR&T effort brings specialized technical expertise, 

 problems that industry w

 provides targeted research
eed Technology and Di

supporting activity, the g
bkey activities. 

e develo ent f a vanc ow wind turbines to compete in 
offshore, presents many t
singly becoming the fo
towers, to take advantage
 placing increasing empha
nd implementing strategi

and frequently turbulent, in
ork even more difficult.  

nd 5.2.2, there are many
ponses are being explored in the 
n by the Wind Program. As will 

.  

 
T
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A Wind Turbine Pathways Analysis is used to guide the SR&T strategy, to identify ar-
ch efforts required to 

in conjunction with annual COE 
acking, in Section 5.1.2, and its application to SR&T efforts is further described be-

nnually as part of the wind 
o direct link to achieving 

alysis and testing support for 
nalyses, component blade and 
 of turbine prototypes in the 

 assist industry in achieving de-
ndards. 

rt activities are performed under the auspices of Cooperative Research 
ent Agreements (CRADA) or as part of development subcontracts with 

dustry. 

ill 
ade 

ward the LWST and DWT COE targets. 

everal of the program’s subkey activities. In 

 projects supports the cost reduction goals of the 
s. Table 3 outlines the SR&T research portfolio.  

esearch 

l 

eas of potential technology improvement and the specific resear
achieve them. The Pathways analysis was introduced, 
tr
low. The research and support activities are reviewed a
program peer review processes. Research that provides n
technology improvements is not pursued. 
 
NWTC and SNL staff provide extensive design review, an
a broad array of industry activities including systems a
drive train tests in NWTC facilities, as well as validation
field. These activities are closely coupled and directly
sign goals with hardware that will meet international design certification sta
These suppo
and Developm
in
 
Performance Measures 
 
he success of the SR&T subkey activity, Table 3. SR&T ResearT

and progress in meeting its objectives, w
ultimately be reflected in the progress m
to
Every research effort under SR&T has been 
linked to meeting these cost goals. As de-
scribed in Section 3.4.1, the program has 
identified a set of Technology Improvement 
Opportunities (TIOs) that are expected to 
contribute to the lowering of the costs of 
large wind technology in Class 4 regions. 
Progress in realizing the benefits of those 
cost reduction opportunities will come from 

• Aerodynamic code development and validation 
• Aeroacoustics research and testing 

• Site-Specific Design 
• Inflow characterization 
• Design load specification 

• Generator, Drive Train and Power Electronics 
• Systems and Controls 

• System design tools 
• Controls design and validation 

Design Review and Analysis 
• LWST Public-Private Partnerships 

ch Portfolio 
Enabling Research 

• Advanced Rotor Development 
• Blade development 

s
a similar manner, SR&T efforts will support 
the achievement of DWT goals. 
 
5.3.4 Research Activities 
 

Testing Support 
• Structural Testing 
• Dynamometer Testing 
• Field Testing 

• DWT Public-Private Partnerships 

The program’s portfolio of SR&T
LWST and DWT subkey activitie
 
Enabling R
 
Taking turbine designs to the limit of cost and performance will require advances in 
several research disciplines. While some of the near-term cost of energy reductions 
may be possible, based on current levels of technology (e.g., tall towers), others will 
require investment in fundamental research to be successful.  
 
Enabling Research activities, which support the LWST and DWT programs’ goals, fal
within four major topic areas: Advanced Rotor Development; Site-Specific Design; 

 
Wind Energy Multi Year Program Plan  Page 32



 
 Technology Viability

Generator, Drive Train and Power Electronics Efficiency Improvements; and Systems 
and Controls. 
 
Advanced Rotor Development – The rotor of a wind turbine is a completely unique 
component. The rotor’s blades control all the energy capture and almost all the load
and are therefore a primary target of advanced rotor, enabling research efforts. The 
challenge to be met by rotor development e

s, 

fforts is to create the scientific knowledge 
ase and engineering tools to enable blade designers to achieve optimum performance 

e development  
2) Aerodynamic code development and validation 

h and testing 

rt of progr  
important roles over the planning period. 

b
at the lowest possible cost, using new materials, improved manufacturing processes, 
and enhanced design tools. This work will assist the industry in meeting the LWST 
and DWT goals by stretching rotors to greater swept area in previously un-economic 
wind regimes.  
 
Advanced rotor development work can be segmented into three subtask areas: 
 
 1) Blad
 
 3) Aeroacoustics researc
 
Each of these subtasks is an important pa
progress, and all three will play continuing 
 
Blade development: A significant step towa
quire blades that are stiffer and stronger to s
adaptive, to reduce system loads. Beyond that
that the entire industry is led in the direction of efficient material usage. Fin
stantial testing, both in the laboratory and i
loads, and designs, and to make sure they
 
The first step in blade development is gain
rials that are likely to be used in the blade
have been based on fiberglass technology typ
next generation of machines will require longe
using stiffer and stronger materials, such as 
terize carbon’s capabilities and h

am support to LWST and DWT

ST and DWT go
 greater area, while lighter and 

ld, is required to va
e linked to the site

c understanding of the
he future. Traditional bl
 of the boat-building indu

, thinner, and 
rbon fibers. Th

ith the glass and 

rd the LW als will likely re-
pan the
, design details need to be evaluated so 

ally, sub-
n the fie lidate the tools, 

 can b  characteristics.  

ing a basi  new mate-
s of t ade materials 

ical stry. The 
r equally durable blades 

ca e program will charac-
ow it interacts w other materials. The 

rogram will also explore further materials options, including resins, fiber treatments, 
g processes on material properties. Full blades will be 

anufactured by industry partners (often at a subscale to limit research cost) to 
p 

erials 
to a working structure of minimal cost, manufacturable design, and adequate dura-

ill also continue to explore new blade shape designs that may 
elp reduce loads and stresses, and thereby increase durability. It will then be possi-

d 

erodynamic code development and validation

p
and the effect of manufacturin
m
evaluate material performance in the as-manufactured state. The program will hel
develop sophisticated engineering tools that provide the ability to mold these mat
in
bility. The program w
h
ble to not only evaluate individual designs, but to describe how design practices 
should be tailored to take into account material interactions, property variability, an
specified design loads.  
 
A
validation is working to overcome the fact that the current generation of aerodynamic 
loads/performance codes fail to adequately predict steady or unsteady loads in the

: Aerodynamic code development and 

 
near- and post-stall operating regime. Performance predictions currently rely on two 
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distinct approaches. The first couples 2-D airfoil performance data obtained either 
empirically from wind tunnel or field measurements and/or through analytic compu-

tions with momentum theory. The 3-D loads for a rotor are obtained by integrating 
 

ly, 
-

l 
cs 

l 
of these codes to model wind turbine rotors has only recently 

een attempted and is in the preliminary evaluation phase. This method will provide a 
r per-

rmance in the near and post stall regimes for both steady and unsteady inflow con-
nlikely to be used as a principal design methodology in the 

imes required for every design 

xpect that computational runs of the full 3-D codes will provide significant physical 

-

e limitations and performance errors derived from 2-D flow assumptions for a 

ta
the 2-D sectional performance along the span, adjusting the inflow and balancing the
momentum flux. The benefit of this approach is an extremely fast computational time, 
permitting numerous iterative design permutations in almost real time. Unfortunate
details of the actual 3-D flow characteristics are ignored. In near and post-stall opera
tion, where the flow is strongly three-dimensional, large discrepancies between actual 
and predicted aerodynamic performance occur. The second approach is to perform ful
3-D Navier-Stokes analyses on the full rotor. Although Computational Fluid Dynami
(CFD) codes have been used extensively for helicopter and aircraft analyses for severa
years, the adaptation 
b
detailed characterization of the underlying 3-D fluid physics driving turbine roto
fo
ditions. However, CFD is u
near future due to the extremely long computational t
set point. 
 
As model enhancements are made, the program will compare both approaches with 
field and wind tunnel test data in order to improve current design codes. Researchers 
e
insight into the underlying separation processes in near- and post-stall operation. 
Based on these insights, the adaptation of new theory integrated into existing momen
tum and aerodynamic codes. Data that the program previously obtained from testing 
the highly-instrumented NREL Combined Experiment Rotor (CER) in the NASA-Ames 
80x120 wind tunnel will be used to validate CFD results, theory, and improvements to 
the existing design codes. By empirically “tuning” the resultant aerodynamic codes, 
th
strongly 3-D turbine rotor application can be overcome without significant impacts in 
code run times. Results will enable more efficient design of both LWST and DWT ro-
tors. 
 
Aeroacoustic Research and Testing: Turbine noise can be caused by rotor speed, blad
shape, tower shadow, and other factors. The program is sponsoring both wind tunnel 
and field tests to develop a semi-empirical noise prediction code that will be useable by 
LWST and DWT manufacturers to ensure that new rotor designs and full systems hav
acceptable noise signatures. High-growth domestic markets for small wind turbin
will demand quieter rotors, especially when turbines are sited in residential neighbor
hoods. Small turbines operate at high rotational speeds and tend to spin even if they 
are furled (pointed out of the wind). Aeroacoustics research activities will be conducted
to explore how to reduce noise produced by distributed wind turbines in a variety of
wind regimes, and to develop a noise standard with industry participants that can be 
used for the growing domestic DWT market. This research will support the DWT a
LWST public-private partnerships, both directly in working with industry and indi-
rectly in providing neces

e 

e 
es 

-

 
 

nd 

sary underlying research.  

s-

e 

 
In the longer term, program researchers will work to develop physics-based aeroacou
tics codes for both design and problem solving applications. These will enable more-
slender blades and higher tip speeds, enhancing both cost and performance of futur
designs. 
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In summary, the rotor development activity under SR&T is closely tied to the LWST 
and DWT component development public-private partnerships, and will be an impor-
tant contributor to expected reductions in COE. Program researchers are providing 
support in material analysis, blade design and analysis, and blade manufacturing. Fu-
ture activities will use a cyclical approach whereby sub-scale blades and subcompo-
nents using advanced materials and shapes are designed, built, and tested. Testing 
will include non-destructive approaches that can determine failure initiation and in-
ternal responses. Program researchers will enhance fatigue, material failure, and reli-
ability analysis capabilities. In the longer term, research is expected to lead to small, 
integrated smart actuation devices for load alleviation and performance enhancement. 
 
Site Specific Design – Future wind energy installations will be in areas of signifi-
cantly different wind resource potential and roughness. Installations of onshore tur-
bines will need to move into areas of lower resource, using taller towers and longer 
blades to harvest the more rarified energy. To continue to design for loads characteris-
tic of more-energetic sites would drive up the cost unnecessarily and limit wind’s cos
effectivene

t-
ss in other areas. The benefits of designing large installations (100 MW or 

ore) for specific site conditions are substantial. The nature of atmospheric loading at 
-

y 

 not 

ubtask, therefore, covers two areas. The first is the development of systematic 
ethods for specifying specific site energy and load conditions. The other area is to 

m
increasing heights will be assessed and documented. Blade designs, including aerody
namic geometry, controls, and structural details, need to be tuned to the energy cap-
ture requirements and durability suitable for low energy and lightly loaded sites. Ever
structural strength requirement throughout the system is based on the expected 
maximum event and turbulence at the site.  
 
The offshore installations will operate in a very different environment, over a wide 
range of energy densities. These turbines must be designed knowing, in detail, the na-
ture of the offshore winds (higher energy, lower turbulence) and the effects of wave 
and current loadings at the base. Existing approaches to design specification are
capable of providing a complete designation of such site design conditions.  
 
This s
m
conduct the field measurements that validate the methods, and to work in public-
private partnerships to collect the site-specific information in important regions of the 
country, both onshore and offshore. 
 
Inflow Characterization: A significantly better understanding of the wind resource an
the nature of inflow and its impact on turbine performance and reliability must be 
achieved. A clear understanding of the nocturnal jets encountered at sites in the Grea
Plains is critical. (The nocturnal jet is a poorly understood phenomenon that occurs at 
night as cooling allows high level higher elevation high velocity winds to dip close to 
the earth’s surface, creating violently turbulent wind regimes.) New components and 
architectures, which reduce structural loads while increasing performance and energy
output when operating in these inflow regimes, must be explored. Design and per-
formance codes must continually improve if LWST a

d 

t 

 

nd DWT technology innovation is 
 be sustained.  to

 
Design Load Specification: The inherent uncertainties of site conditions, turbulent 
winds, extreme events, and component strength must all be accounted for in a man-
ner that does not require overly conservative design margins. International standards 
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have traditionally specified safety factors when operating in these inflow regimes for 

te 

ut 
 

enerator, Drive Train and Power Electronics Efficiency Improvements - The 
ital 

-

erters must be specialized and tailored to 
ind turbine operation because wind turbines operate the largest percentage of their 

ore 

r 

e total 
ystem. This task will explore key enabling research areas that will contribute to LWST 

g 

ion that offers significant potential advantage in 
ducing the cost of wind-generated energy. New innovative strategies are being ap-

ts 

in-

ic loads into the turbine structure. Studies indicate that low wind 
peed technology (LWST) goals can be met if wind energy technology moves toward 

environments intended to envelop the worst-case situation over broadly defined site 
classes. As turbines are routinely designed for specific sites, where these standard 
load cases can be reduced and tuned to site-specific conditions, the ability to estima
and account for individual design uncertainties will become a necessity. Not only will 
site-specific design margins be needed to avoid a catastrophic loss of a wind plant, b
increasingly sophisticated financial institutions will require it for due-diligence before
investing in large installations. Methods of estimating and designing to site-specific 
environments with uncertainty-based design margins will be established and inte-
grated into standard design practices. 
 
G
generator, gearbox and power converter represent roughly 25% of the installed cap
cost of a modern wind turbine. Generators have historically been based on wound ro
tors or squirrel cage induction designs, but such generator designs may not be the 
ideal design for wind turbines of the future. The drive train is becoming a major driv-
ing factor in machine design because its weight and size affect other wind turbine con-
figuration and erection factors, such as tower size and crane rating. Variable speed 
wind turbine designs are highly dependent on the efficiency and mode of operation of 
the power converter that changes variable-frequency AC from the generator to fixed-
frequency AC that is properly conditioned for injection into the electrical grid. Conver-
sion efficiency is highly important in these designs.  
 
Future designs of generators and power conv
w
time at less than rated power. The use of permanent magnet generators that are m
compact and have higher flux densities will be important for future designs, as will 
power converters and generators that allow variable speed operation and have highe
efficiencies at below-rated power. Of further importance is reliability of all compo-
nents, since the generator and power converter are key points of failure in th
s
public/private partnership improvements in converter and generator designs, focusin
on generator and converter architecture, controls and reliability.  
 
Systems and Controls – Systems and controls research is focused on a rapidly ad-
vancing area of technological innovat
re
plied to the way that wind turbine components are moved or controlled. This includes 
control of conventional turbine components (such as blade pitching), new componen
(such as twist-coupled blades), and advanced devices (such as micro-tabs). The control 
strategies have to be designed to meet two seemingly conflicting goals – to increase en-
ergy capture, yet reduce turbine structural loading. 
 
LWST and DWT machines of the future will be dynamically active and must be care-
fully designed to mitigate unwanted structural dynamic loads and responses. New 
novative rotor control strategies will be developed to mitigate the imparting of un-
wanted aerodynam
s
large slender turbines placed on tall towers. Designing these large structures to be 
long lasting and fatigue-resistant at minimal cost is a difficult task. The chances of 
wind turbines experiencing unwanted dynamic responses and instabilities increase 
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with height and flexibility. In addition, loads due to wind fluctuations will likely in-
crease as rotors are placed at greater heights above ground where there is increased 
risk of coherent turbulence. These new machines must therefore be very carefully d
signed to mitigate unwanted structural dynamic loads and responses. While the rotor 
itself can be made more cost effective through innovative approaches to control, the 
entire wind turbine system is the expected beneficiary, as loads are reduced every-
where on the structure. 
 
Recent advances in three major areas of technology are being combined and applie
provide new control strategies. First, on

e-

d to 
going evolution of wind turbine modeling ca-

abilities within the Wind Program enable complex structural dynamic responses to be 
el-

. 

at 

 goals. 

 

o 

he importance of understanding DWT performance has been identified in previous 

-

y data on small turbine loads and 
perational behavior. The Small Wind Research Turbine (SWRT) was designed and 

e 

lity 

ne 
all 

p
more accurately simulated and predicted. Second, there have been major recent dev
opments in “state-space” control methods (and associated computer software algo-
rithm development tools). These methods can be utilized in control paradigms to pro-
vide promising load-mitigating control strategies tailored to wind turbine technology
Third, improvements in computer hardware technology now enable data rates and 
control algorithm execution speeds at levels needed to successfully combine and apply 
the two capabilities described above. Application of the resulting control strategies, 
coupled with new components and advanced devices from LWST and DWT efforts, will 
enable turbines to be operated and controlled in innovative ways. Studies indicate th
successful development of theses innovative control concepts are a major contributing 
factor in meeting the public/private partnership COE
 
The program has a suite of advanced codes that will be used for modeling wind tur-
bines of arbitrary complexity and extracting state-space matrices for turbine or con-
trols design. Program researchers also have an extended range of analysis capabilities 
not previously available, e.g., operating modes computation, trim, nonlinear controls
simulation, and aeroelastic stability analysis. In the short term, work will be under-
taken to enhance the integrated system capability of these codes by introducing tw
new features: a) composite blade dynamic modeling capability and b) multivariable-
controls-design-specific interface. In the future, this will be applied to the modeling of 
two wind turbines: a 3.6 MW wind turbine and a conceptual offshore wind turbine. 
  
T
Wind Program activities. However, many issues remain poorly understood when it 
comes to the specific behavior of small wind turbines, such as furling behavior, blade 
loads, and the effect of furling on turbine performance. Small wind turbine manufac
turers have historically relied on variable geometry testing approaches to design for 
furling, tail boom lengths and tail sizes, and other related small wind turbine design 
parameters. It is generally agreed among small wind turbine experts that modeling 
small turbine furling from an aerodynamic perspective with today’s tools has a high 
degree of uncertainly, due, in part, to a lack of qualit
o
built in FY 2003 and preliminary testing was conducted to start to provide data for th
wind industry and wind turbine modeling community so that small turbine operation 
can be better understood. Over the next several years, this project will provide qua
data on how small wind turbine design parameters affect turbine operation. State-of-
the-art models, including ADAMS and FAST, will be constructed for the SWRT turbi
and compared to the test data to further the capability of these models to predict sm
turbine operation. 
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Operations and maintenance costs have continued to drop as manufacturers and o
erators gain experience in manufacturing, installing, and maintaining wind turbine 
plants. After the low hanging fruit of improper component selection, inadequate main-
tenance practices, and poor installation have been harvested, it will still be necessary 
to drive down field maintenance costs. This is especially true as turbine size increase
and the installations move offshore. Not only do the site conditions change – low lev
jets, tower wave, loading 

p-

s 
el 

and corrosive wave environments – but the cost of each 
aintenance interaction becomes prohibitive. Methods for health monitoring and pre-

 

-

ctivities, and are provided 
s support functions at the request of industrial partners. 

 
t 

g 
 

nal turbines in the field, and on a wide range of full-scale turbine components in 

es 

a-

 will be constructed at the NWTC and will be co-located with the 
xisting facility. The new facility will have the capacity to test multiple blades simulta-

m
ventive maintenance will be created to mitigate the effects of increasingly more difficult 
operations. 
 
Design Review and Analysis 
 
As the Wind Program invests in the development of new technology through cost-
shared contracts with industry under the LWST and DWT subkey activities, it will also
be providing oversight and technical support to those activities. The Design Review 
and Analysis (DR&A) effort provides a means whereby NREL and Sandia staff provide 
specialized expertise to the industry-led activities. It also provides support to the nec
essary proposal evaluation process. This support and oversight not only assists indus-
try, but also protects the Wind Program’s investment in these partnerships and en-
hances their chance of success. DR&A services are an integral part of the phased sub-
contract structure for LWST and DWT turbine development a
a
 
Testing Support 
 
An important part of the development of advanced turbines is computer modeling and
dynamic simulation. However, validating and improving these models is very difficul
because the models cannot always simulate true inflow, turbine response or control 
performance. To fill this gap, it is necessary to perform extensive, detailed field-testin
and to utilize the data collected to improve both the control algorithms themselves and
the simulation codes from which they were designed. Tests are conducted on opera-
tio
specialized testing laboratories. 
 
Structural Testing - The NWTC structural test facility has been operating since 
1990. This facility has been used primarily for testing full-scale wind turbine blades 
for Wind Program subcontractors and wind industry partners. The present capabiliti
include fatigue testing, ultimate static strength testing and several non-destructive 
techniques, such as photo-elastic stress visualization, thermographic stress visualiz
tion, and acoustic emissions. Rapid growth in the size of wind turbines has strained 
the capacity of the existing structural test facility to its limit. The facility is unable to 
test the next generation of blades. Many of the proposed LWST projects, as well as 
current industry development, exceed the size and load capacity of the existing facility. 
Multiple large blade failures on field-deployed turbines – weighing over 10-tons each – 
would not only be dangerous, but would undermine industry credibility and hinder 
reaching DOE’s COE objectives.  
 
During the planning period, the Wind Program expects to build a 70-meter blade facil-
ity. This new facility
e
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neously. Both the current test facility and the 70-meter facility will be available for 
turbine testing into the next decade, and will be essential in meeting the LWST goals
 
Dynamometer Testing - The 2.5 MW Dynamometer and Spin Test Facility at the 
NWTC is a test bed dedicated to the testing of wind turbine drive trains, drive train 
components, and power systems. The project began in 1995 as a result of wind indus-
try input that a facility of this type was needed. The facility was completed in Aug
1999. The NWTC staff currently conducts tests such as gearbox fatigue, wind turbine 
control simulations, transient operation, generator and power system component effi-
ciency and p

. 

ust 

erformance for the advancement of the U.S. Wind Energy Industry. Previ-
usly, the only way to verify operating integrity throughout the turbine’s full load en-

ype under severe conditions. This NWTC facility pro-
ides improved methods for full-system testing of wind turbine systems to identify 

S. 

ate new low-speed perma-
ent-magnet direct-drive generator technology, and test innovative power electronic 

nder the LWST project.  

 
l-

ialized processing and analysis to extract required in-
rmation. Field tests measure turbine loads, acoustic emissions, power production, 

tion 

-

l in 

 

o
velope was to test a field protot
v
critical integration issues before field deployment. This unique facility gives the U.
industry an edge over strong European competition.  
 
The Wind Program plans to maintain its leadership role in wind turbine drive train 
testing and meet the needs of the emerging multi-megawatt industry with a two-
pronged approach. First, the existing 2.5-MW facility will be fully supported to operate 
at maximum capacity into the foreseeable future, meeting the needs of current tur-
bines in the 1 to 2-MW size range. Secondly, a new 5-7 MW dynamometer facility will 
be constructed to test the upcoming multi-megawatt wind turbine generation. Tests 
will be performed to verify gearbox design conditions, evalu
n
devices proposed u
 
Field Testing - Field testing supports a wide range of LWST and DWT activities. Such 
testing is typically conducted on full-scale turbines installed in the field, although it is
also done on components and subsystem test articles. Field testing necessitates insta
lation of sensors and transducers (e.g. strain gages, accelerometers) used to quantify 
loads on operating turbine structural components, noise emissions, output of electri-
cal systems, and meteorological inflow conditions. The test devices are connected to 
special ruggedized computer-based data acquisition systems. The large quantities of 
resulting data often require spec
fo
and power quality. Resulting loads data are essential in verifying computer simula
models of wind turbine configurations. Field test data are especially important for as-
sessing the viability of new, innovative turbine configurations, since models of such 
configurations often need tuning with test data to establish necessary confidence lev
els. 
 
Accredited turbine field data are essential inputs to design evaluations required to 
support certification and due-diligence activities. For wind turbines to be successfu
the marketplace, both domestically and internationally, they must meet international 
standards for reliability, and must ultimately the certifiable by standards bodies. The 
collection of reliability data in the field helps manufacturers identify evolutionary 
technical improvements.  
 
Future testing activities that will improve the reliability and durability of wind turbines
include: 
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• Developing improved life-cycle testing protocols and analytical methods; 
• Developing a better understanding of design load characterization for enhanced 

reliability, durability and longevity; 
• Performing durability and reliability testing for environmental extremes; and 
• Identifying design elements necessary to achieve 20+ year operating life. 

 
5.3.5 Milestones 
 
Milestones for the Supporting Research and Testing subkey activity provide planning 
guidance and a means by which progress can be tracked.  

 

Supporting Research and Testing

Milestones
1. Complete field-testing of carbon-hybrid research blade

for 2- and 3-bladed Rotors
13. Complete final Phase III concept design reviews
14. Complete field testing of Phase I systems

31. Offshore blade validated

20122011201020092008200720062005

149 20 22

2. Complete final Phase II component design reviews
3. Document load implications of Lamar LIST/LLJ test
4. Complete field-testing of twist-coupled research blade
5. Complete final Phase II systems design reviews 
6. Complete development of engineering inflow model 

for Great Plains
7. Formulate turbine blade post-stall model and validate 

with UAE data 
8. Publish LWST Airfoil Database from Wind Tunnel 

Tests
9. Complete field testing of Phase II components
10. Conduct Computational Aeroacoustic Codes 

Workshop and Training
11. Publish Field Test Code Validation Results
12. Complete Advanced Control Testing and Evaluation 

Enabling Research

Design, Review, and Analysis

6 21

2 13

1 4 8 107 193 15 181211 252423 26 27 28-31

5 16 17

15. Complete Great Plains measurement campaign and 
data analysis 

16. Complete final Phase II component design reviews
17. Complete final Phase III systems design reviews
18. Validate advanced free vortex wake code
19. Develop control models and algorithms for offshore 

wind turbine designs
20. Complete field testing of Phase III components
21. System Identification and Model Uncertainty 

Reduction
22. Complete field testing of Phase II systems
23. Test and Evaluate Advanced Controls utilizing 

Advanced Sensor Technology
24. Complete Offshore measurement campaign and data 

analysis
25. Publish Loads and Stability Tools and Guidelines
26. Embedded blade sensing and control - validate in full 

scale
27. Integrate inflow testing results into design standards
28. Complete validated offshore maps for U.S.
29. Integrated Aeroelastic Code Development and 

Verification
30. Formulate fully-coupled aeroelastic computational 

model and validate

Field Testing
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6.  
 
The T ar-
rie ent 
fo h

0  Technology Application 
echnology Application key activity area addresses the many non-technology b

rs to the use of wind energy systems. These barriers and opportunities are differ
r t e different size machines, as shown in Table 4.  

 

Table 4. Wind Turbine Market Segmentation 

Turbine Size Range Applications Barriers 
Small (<10 kW) Residential, off-grid Zoning, integration into new applica-

tions 

Intermediate  
(10 kW – 500 kW) 

Wind/diesel, industrial Power quality, control and stability, 
storag

pacts 

bles to shore, viewshed, regulatory 
work, power system integration 

s three subkey activities: Sy
gineering and Analysis. Tab

 the Technology Application

 each year. They do, ho
, consistent with meet

rofile for 
lions $) 

FY08 FY09 FY10 FY11 
4.5 4.8 

3.4 

1.6 1.6 1.6 1.6 

9.5 9.5 9.0 9.0 9.0 

e, zoning 

Large 
(500 kW – 5 MW) 

Grid Interconnect Transmission access and operational 
im

Very Large 
(>5 MW) 

Off-Shore Grid 
Interconnect 

Ca
frame

 
The Technology Application key activity encompasse stems 
Integration, Technology Acceptance, and Systems En le 5 
provides the budget assumptions made in preparing  plan. 
Because final program funding allocation decisions are made annually by the Depart-
ment of Energy, these values are likely to be adjusted wever, 
provide a general sense of anticipated funding trends ing the 
goals described in this chapter.  
 

Table 5. Multi Year Funding P
Technology Application (mil

Key Activity FY04 FY05 FY06 FY07 FY12 
Systems Integration  3.1 3.2 3.4 4.1 5.0 5.0 5.0 

Technology Acceptance 3.5 4.0 3.8 3.8 3.1 2.4 2.4 2.4 

Supporting Engineering and Analysis 3.4 3.4 2.6 2.6 1.6 

Total 10.0 10.6 9.8 10.5 
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6.1  Systems Integration 

rational rules for wind in all major regional wind mar-
kets, to ensure that win
gional transmission plan
wind’s com e n gy needs
the long te
 
6.1.1 Goa
 
The goal of tegration activity is: “By ctivities 
addressing  power mark terconne trategies, 
and system planning needed fo ergy to com ge to serve 

e Nation's energy needs.” 

-
 is 

 electric power sector. Publicly funded activity is 
eeded to overcome this reluctance if wind’s public benefits are to be realized.   

 
Concurrently, as wind ener n and associated interest 
from tilities and regio p n i r  e o
met  for integratin in er int e k power system beco s 
more evident. The electric industry is, itself, in a challenging period characterized by 
cha u ry ers t, or  re ct ng h pe-
titio ge e gr n en bl ergy, including wind 
energy, into its supply mix, is one of many i es  in str  g pli  

 can move fully into this newer, more competitive market structure. At the same 
me, the installed capacity of wind power has increased steadily in the United States 
nd throughout the world. Research and development efforts by the industry and gov-
rnment have made wind energy competitive with that of traditional fossil-fuel genera-
on in many locations. With the aid of various state policies and the emerging green 

power market, thousands of megawatts of wind power plants, of various sizes, have 
been built in the United States over the past few years. This trend is expected to con-
tinue in light of increasing environmental concerns, hydropower shortages, and swings 
in natural gas prices. 
 
As a result of these developments, more utilities are seriously evaluating wind power. 
However, these utilities are also concerned about possible impacts on system opera-
tions when a large amount of wind power is introduced into the electric power system. 
Their concern is despite the fact that, by the end of 2003, some 6,400 MW of wind 
generating capacity had been installed in the United States, 14,600 MW in Germany, 
and 40,000 MW worldwide. Their concerns are also despite the fact that wind energy 
and cogeneration sometimes total as much as 100 percent of instantaneous genera-

 
The Systems Integration subkey activity is working to 
facilitate the adoption of equitable grid access and op-
e

d’s needs are considered in re-
ning processes, and to enhance 

patibility with th ation’s ener  over 
rm. 

l 

 the Systems In  2012, complete program a
 electric et rules, in

r wind en
ction impacts, operating s

pete without disadvanta
th
 
6.1.2  Technical Challenges 
 
The need for Wind Program activity in Systems Integration arises because wind is a 
new power technology with natural variability. In the short term, wind presents chal
lenges to traditional power-system planning and operating procedures. Hence, wind
met by a natural resistance in the
n

gy capacity increases in the natio
 electric u nal o erati g ent ties g ows, the n ed for impr ved 

hods and tools g w d en gy o th bul me

nging market rules and reg lato  ov igh corp ate stru uri , hig com
n, and technological chan . Th inte atio of r ewa e en
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tion in Denmark. Utility decision makers, state regulators and investment bankers are 
, overly cautious in their view of wind power as a 
ong their concerns are potential system effects 

ue to the current limitations in wind forecasting and the potential electrical system 
ot adequately addressed, could 
er in this country. 

wind energy has generally been 
omic and environmental benefit of 
enerators. Wind energy also dis-

d maintenance efforts and can enhance system reliability at 
em peak, on a statistical basis. However, as a consequence of wind’s vari-
 operators often mistakenly assume that the full output of a wind plant 

an be lost at any second, and thus capacity for the full wind farm output must be on 

load centers, increasing relative transmission require-
 sources. Another aspect of variability that disadvan-
ing generation service, normally required one day or 

ore in advance, is difficult for wind plants because of inherent limits in the ability to 

l frac-
on of energy on a power system could come from wind plants. A rule of thumb was 

 
as 
-

-

h 

d constant growth over the past decade, to en-
ble the technology to reach its full potential, DOE researchers are exploring innova-

rk 

 

d. 

unfamiliar with wind, and, therefore
utility generation asset. Principal am
d
stability and dispatch implications. Their concerns, if n
significantly limit the development potential of wind pow
 
Since the inception of the program in the early 1970s, 
considered as a fuel-saver. That is, the primary econ
wind energy is to reduce fuel consumption by other g
places related operating an
times of syst
ability, utility
c
reserve. Wind’s relatively low capacity factor (25 to 50 percent) suggests that for 
transmission service, which is usually priced in terms of $/MW-year, wind would have 
difficulty competing with a baseload option. In addition, renewable sources like wind 
are often located away from 
ments compared to conventional
tages wind energy is that schedul
m
forecast wind plant output 24 to 72 hours in advance. Conventional units can be 
turned on or off based on operator’s decisions, whereas a wind project requires the 
wind to generate power. 
  
In the early days of the wind program, it was generally accepted that only a smal
ti
five percent. Later, more detailed studies that looked at explicit representations of risk,
wind power and impact on utility operation suggested that the five percent figure w
only a conservative limit and that greater penetration could be achieved if power sys
tem operation were changed to accommodate wind energy. However, even at the five 
percent level, there is sufficient regulating capacity in typical utilities to compensate 
for the total loss of a typical wind plant. As instantaneous wind energy penetration in-
creases on a system, the units operating on economic dispatch are backed off, i.e. fuel 
is saved, while those units that compensate on a minute by minute basis for imbal
ances between load, generation and exports (units on regulation) must vary their op-
eration more frequently. Recent data suggests that the impact of typical wind projects 
on the need for regulation is small. In some regions, the regulation service is provided 
at an additional cost by the wind plant operator. In other regions, regulation is pro-
vided as a service by the power system or the regional transmission organization, wit
costs paid by load-serving entities, not by the wind generator. 
 
While the wind industry has experience
a
tive applications like offshore deepwater development, the use of wind energy to clean 
and move water, and developing new technologies that will enable wind energy to wo
in synergy with other energy technologies such as hydropower and hydrogen. 
 
For offshore turbines in very shallow water (5–12 m), European turbine manufacturers
have adopted conventional land-based turbine designs and placed them on concrete 
bases, steel mono-piles, or truss support structures and anchored them to the seabe
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An offshore substation boosts the collection system voltage, and a buried undersea 
cable carries the power to shore, where another substation provides a further voltage 
increase for transmission to the loads. 
 
Although the same approach can be used for wind turbines installed off the East 
Coast, the wind, wave, tide, and current design conditions are thought to be more se-
ere in the United States and less well defined than for the Baltic and North Seas. In 

li-

d by 
ct 

wer by storing water during high wind periods, and increas-
g output when wind power goes down. Similarly, periods of low water resources or 

 

igure 13, is to assist 
gional electric system planning and operations personnel to make informed deci-

 
 

 local 
tility planners to have wind considered in their deliberations and rulemaking pro-

 

v
addition, the turbine structural dynamics and fatigue loadings of offshore machines 
are much more complex and difficult to analyze than for turbines on land. Thus, re-
searchers will need to conduct supporting R&D to validate the turbine designs and re-
duce the risks. Offshore projects must be larger in terms of both turbine size and pro-
ject scale to support the costs of the added turbine seabed support structures and ca-
bling. These factors will tend to make financing offshore projects commensurately 
more difficult until offshore wind technology has proven its viability and profitability to 
investors. 
 
While fluctuating power levels and transmission constraints may hamper ready adop-
tion of wind energy to utility grids, fluctuating regional water resources, growing ob
gations and market pressures on water uses (need for flood controls, environmental 
issues, and recreation) are just a few constraints faced by the hydropower industry. 
Most experts agree that the value of wind and hydropower could be mutually en-
hanced by working together. For example, variations in power delivery levels cause
natural wind speed changes could be damped or eliminated. Hydro facilities might a
as “batteries” for wind po
in
policy pressures on water use can be mitigated by using wind to generate power nor-
mally generated by the hydropower systems.  
 
In addition to exploring the opportunities for wind and hydropower to work together to
produce a stable supply of electricity, researchers are examining ways wind can help 
resolve conflicts that surround fresh water uses. Other potential wind/water applica-
tions include the use of wind energy to clean water used for oil and gas exploration 
processes, provide power for municipal wastewater treatment, and provide power for 
irrigation systems. 
 
 
6.1.3 Technical Approach  
 
Strategy  
 
The Systems Integration subkey activity strategy, as shown in F
re
sions about the integration of wind energy into their systems. Three primary targets 
have been identified: 1) Technology Characterization and Data Collection; 2) Tools and
Methods Development; and 3) Application and Implementation. Program personnel will
work with organizations such as Independent System Operators, Regional Transmis-
sion Organizations, the Federal Energy Regulatory Commission, and state and
u
ceedings in a fair and equitable manner. The program coordinates closely with the 
American Wind Energy Association, which is particularly proactive in this area due to
its potentially crippling implications for future wind development. As future markets 
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and applications are considered, the program will integrate their needs into the activ
ties conducted under the three target areas described in Figure 13. 
 

i-

 

olders’ awareness of wind power’s ac-
al – not suspected – integration impacts and its evolving maturity.  This outreach is 

r-

e National Wind Coordinating Committee; and interactions with 
e American Wind Energy Association and members of the wind industry. The Pro-

ram is also engaging a Systems Integration expert group, discussed below, that will 
ss all of these avenues. 

cus has been adopted because of the emerging importance of regional 
lanning entities in electric system planning and market operation. Because wind pro-

by-

e 
p-

-

Outreach to stakeholders is a key element of the Program’s strategy in Systems Inte-
gration. This provides ongoing two-way communication to (a) ensure a thorough un-
derstanding within the Program of major needs and issues relative to wind’s integra-
tion into the nation’s energy infrastructure; (b) define and refine Program activities in
response to these needs; (c) deliver relevant Program products and expertise to those 
who can use them; and (d) increase key stakeh
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tu
conducted through a variety of avenues, including: participation in relevant projects 
with electric-power sector representatives, either as funders, technical consultants, 
reviewers, or a combination of these; participation in meetings where relevant issues 
are discussed or where power-system rules are being deliberated; support of and pa
ticipation in relevant activities of key stakeholder groups such as the Utility Wind In-
terest Group and th
th
g
provide additional outreach acro
 
A regional fo
p
gram personnel will not ultimately be responsible for the decision making of these or-
ganizations, the program’s strategy is to define and complete activities, on a region-
region basis, that provide system operators, planners, and relevant decisionmakers 
with the information and tools needed for equitable treatment of wind power in the en-
ergy marketplace. 
 
Needs will vary from region to region.  In setting priorities for activities to support, th
Program considers factors such as: regional wind-resource potential; degree of acce
tance of or hostility toward wind power, as indicated by existing practices and atti-
tudes; presence or absence of regional partners to work with; degree of regional fund-
ing support available; likely impact relative to program resources required; and poten
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tial for expansion of wind into promising new locations or new energy markets.  The 
response to these factors will vary in specific situations.  For example, a region with 
excellent wind potential may already have substantial activity underway with state or 
local funding to facilitate wind integration.  In this situation, Program support may of-
fer only marginal value so should be directed elsewhere where needs are greater.  On 
the other hand, in some cases the Program might provide critical consultant support 
or technical review at minimal cost that substantially increases the validity and accep-
tance of the regional work.  In such a case, even though committed regional resources 
are already large, the Program would provide its support. 
 
The Wind Program believes that a major public good is served by providing unbiased 
data about operation of wind energy in electric power systems. Wind energy saves fuel 
and O&M cost, provides jobs, and provides an alternative source of energy, thereby 
providing national security benefits. Electric utilities, State and Federal regulators, 
and the general public receive benefits from these activities that would not be provided 
by the private sector alone. The program will sponsor research and collect operational 
data when a major public benefit exists. In other cases, the principal responsibility 
may lie with wind turbine manufacturers and power system operators in developing 
simulation models for wind turbines. In such cases the program may still play a facili-
tating role. In still other cases, primary responsibilities must lie with regional stake-
holders, power system operators and regional regulators in developing transmission 
lans to accommodate wind, while the program will provide supporting technical data 

 

d 
 probability of acceptance 

nd implementation is high. 

 

dividuals intimately familiar with regional electric-power-sector is-
ues, as well as other relevant regional stakeholders.  Based on informed perspectives 

ing 

p
and encourage fair treatment of wind. 
 
Performance Measures 
 
Progress in this subkey activity will be measured by examining the sufficiency of pro-
gram accomplishments in each region of the country. Under Systems Integration, the
program will provide technical support in electric power market rulemaking, the as-
sessment of interconnection impacts, the development of tools to guide operating 
strategies, and the conduct of transmission system planning. When the program ef-
forts in these four areas are complete, the program’s efforts will be judged to have 
been successful. The completion of program activities is not predicated upon accep-
tance of, or implementation by, the stakeholders of any of these program outputs, 
since the program can only make support and tools available for use, but cannot di-
rectly influence whether they are adopted by regional planners and operators. How-
ever, the wind industry and many public-interest stakeholders will be highly motivate
to encourage the adoption of program results.  Hence the
a
 
Figure 14 shows the process that will be used to assess this subkey activity’s progress 
in reaching its goal. Regional and national systems integration experts will be asked to
periodically assess the progress and status of each region in addressing the four areas 
outlined in the Systems Integration goal. On an annual basis, these experts and the 
Program will judge the extent to which program efforts are complete. This group of ex-
perts will include in
s
from each region, the group will consider the relative importance of program efforts in 
these regions, recognizing that some regions have greater wind potential than others. 
These assessments will be used by Program management to guide and refine plann
for the program’s systems integration activities in each region. 
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6.1.4  Research Activities 
 

Status of Systems Integration From a 
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Wind power is a unique source of electricity. The natural variability of the wind re-
source raises concerns about how wind can be integrated into routine grid operations,
particularly with regard to the effects of wind on regulation, load following, scheduling, 
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line voltage, and reserves. A lack of understanding of these areas is inhibiting market 
cceptance and hindering increases in the amounts of wind power. System costs asso-

ow being analyzed. The impact of higher penetration, 
nd potential mitigation measures, are not currently being approached systematically. 

In addition, current transmission tariffs and grid operational procedures do not recog-
nize wind characteristics, and, therefore, often unintentionally create deployment bar-
riers. Despite these challenges, grid reform associated with FERC rules and RTO de-
velopment presents an opportunity to work toward removing barriers. Various utilities 
and the Utility Wind Interest Group (UWIG) have taken lead positions in analyzing 
these issues; and the Wind Program is establishing a framework, in concert with the 
electric-power industry, to ensure technical accuracy and advancement of methods. 
 
Technology Characterization and Data Collection 
 
Wind Generator Modeling – The program is working with the wind industry to pro-
vide utilities and grid operation organizations with better wind generator electrical 
models to evaluate interconnection and system impacts of proposed wind farms. Valid 
wind-turbine and wind-plant models are essential for evaluating wind-plant impacts 
on electric system stability. Without these, the grid evaluations will use generic induc-
tion generator parameters, and the amounts of wind capacity that will be allowed ac-
cess to transmission interconnection will likely be unnecessarily low. By using non-
wind-specific models, these organizations will not capture the advantages of variable 
speed power electronics, including their ability to provide VARs and their fault ride-
through capability.  
 
Current efforts in this area include support for ERCOT’s development of an initial set 
of detailed software models of the different classes of commercial wind turbines. Al-
though somewhat rudimentary, these models represent an important beginning of bet-
ter wind turbine representation. The program will support future validation and train-
ing efforts, and improvement of these models as the validation process proceeds. An 
important goal of this effort is to encourage the use of these models in other regions.  
 
The program has examined, with SCE, transmission limitations in the Tehachapi re-
gion of California, to better understand the effects that the current installations of in-
duction turbines are having on the operational stability of that region. The goal is to 
develop a better understanding of the interaction of wind generators with the local grid 
operation, and to identify ways to mitigate the specific operational issues confronting 
that region.  
  
Wind Farm Data Monitoring – The principal concern by electric utilities unfamiliar 
with wind energy is that the plant output can suddenly fall to zero. Data on the sec-
ond-by-second power fluctuations from commercial wind farms has not historically 
been available. However, the program’s ongoing cooperation with FPL Energy at Lake 
Benton II (MN) and Storm Lake (IA) has begun to provide excellent data to fill this 
need. Without long-term data sets from various wind resource regimes, evaluation of 
the grid impacts of variability cannot be performed. The data gathering effort has re-
cently been expanded to include plants in Texas, the Northwest, and California. The 
data for the Northwest is being collected in cooperation with Bonneville Power Admini-
stration. Over the coming years, locations in Colorado, Wyoming, and other states will 
be added. The program will publish statistical data reports that will become a public 
reference for the future development of wind farm impact models. 

a
ciated with variability are only n
a
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Resource Characterization – The program will work to provide representations of the 
wind resource, including seasonal, diurnal and hourly shapes, where possible, to al-
low models to better characterize the potential benefits and impacts that wind can 
have on system operation, and to assess availability of transmission. These wind pro-
files are essential for evaluation of wind-plant contributions to overall system reliabil-
ity. Many of the same time series data bases used in validation of recent state maps 
can provide a basis for this new effort. The data collected in the wind farm modeling 
effort will also contribute to resource characterization. Over the next few years, the 
program will expand the resource characterization effort to include more sites, with 
different characteristics, and will ensure that this data meets the needs of the wind 
forecasting work described later in this section. 
 
Tools and Methods Development 
 
Grid Operational Impact Analysis – The wind program will address the variable, 
normally uncontrollable nature of wind power plant output, and the additional needs 
that its operation imposes on the overall grid. This work is essential to allay fears 
about backup generation requirements and excessive increases in ancillary services 
costs. At present, the generation and transmission operational impacts that occur due 
to wind variability are not well quantified. At lower grid penetrations, these impacts 
have not generally been an issue. This research will include efforts to quantify and 
fairly allocate impacts in both an engineering and cost sense. Analysis methods are at 
an early stage of development. Without realistic analysis and cost allocation, utilities 
often tend to overestimate wind’s operational costs, resulting in the undervaluing of 
wind power in the system. Unrealistically high ancillary cost evaluations will result in 
lower wind deployment rates. 
 
A recent study of the Xcel grid indicated that 300 MW of wind would impose an addi-
tional operating cost of around 0.18 cents/kWh of wind energy produced. This level 
represents a penetration of about 4% of the Xcel grid capacity. A more recent study of 
wind in the Xcel system, completed in September 2004, evaluated the expected operat-
ing-cost impacts of a 15% penetration level.  Results indicate additional operating 
costs of about 0.46 cents/kWh of wind energy.  And in an earlier study, PacifiCorp has 
estimated an additional cost of 0.5-0.6 cents/kWh for integrating 2000 MW of wind, or 
nearly 20% of its capacity, into its grid.  For all of these studies, and other similar 
work, the Program has provided critical input data, consultant support and detailed 
technical review.  In addition, the Program plans to sponsor the development of meth-
ods for integrating these results into utility and regional operating assessments.  
 
The program also sponsors an outreach activity to work toward the adoption of the 
rules and techniques developed in the analytical portions of this effort. This outreach 
function is essential if the benefits from this technical activity are to be realized. 
 
Transmission and Generation Planning – Continued growth in electric loads results 

-in the need to plan for and install new generators and transmission lines. Wind gen
eration is a relatively new wholesale power source, so planning organizations do not 
generally include wind in their planning methods. Future utility resource plans and 
regional planning efforts should include wind stakeholders in the overall process. 
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Traditional transmission planning in the nation tends to be reactive, rather than pro-
active. Planners respond to requests for interconnection of new generators individu-
ally, rather than estimating future regional needs in an integrated fashion.  The pro-
gram, in part through support of transmission work of the National Wind Coordinatin
Committee, will encourage and facilitate such proactive planning. Progress on this 
front will provide broad benefits to the entire power system and to the general publi
and will also enable expanded use of wind power. 
 

g 

c, 

haracterizations of potential wind resource locations and power delivery profiles are 
ission line upgrades or expan-

ions. In addition, the reliability characteristics (capacity credit) resulting from wind 
c-

the 

e 
ower is an integrated study such as the MISO/Wind-On-the-

ires/AWEA study of 10,000 MW of wind that was recently completed, or the prelimi-

o 

 
dding transmission to access coal and wind resources in the Rocky Mountain States, 

n 

nd Implementation 

  
flect industry and 

gulatory concerns over some of Order 888’s provisions, including penalty-based 

C
critical to the accurate assessment of potential transm
s
and utility load temporal profile matches affect the valuation of wind in planning pro
esses. Most of the foregoing can be handled by existing utility practices, as long as 
required data is available.  
 
One problem for wind developers is that existing practice for interconnection requires 
the same level of interconnection studies for a 25 MW wind plant as for a 1000 MW 
coal-steam plant. Further, as each study is completed, the dynamics of the network 
often change, rendering earlier studies invalid. This becomes an expensive, time con-
suming hurdle for most wind projects. What is needed in each region for cost-effectiv
deployment of wind p
W
nary work of this type that was done in PJM, the regional transmission organization 
that serves the mid-Atlantic and adjoining regions. The role of the wind program is t
provide technical information and assistance where needed. 
 
The program will continue its active participation in regional transmission planning 
processes. The Rocky Mountain Area Transmission Study for studying the potential of
a
the New England Wind Barriers Project, and the Midwest ISO Transmission Expansio
Plan (MTEP) are examples. Support for the development of reliability methods that 
treat wind in a non-discriminatory fashion by program staff and consultants will con-
tinue, as will program engagement in regional reliability methods development. 
 
Application a
 
Grid Rules Development – As a low capacity factor, variable resource, often located 
far from load, wind power can be adversely impacted by the changes in wholesale 
market structures, organizations and rules that are setting the stage for future grid 
treatment of wind. Under many existing penalty-based rules, proffered in FERC Order 
888 to drive good market behavior, wind is inappropriately disadvantaged. FERC’s 
proposed order, in 2003, on Standard Market Design would be a major improvement, 
but that order now looks unlikely to be adopted soon because of regional concerns 
about roles and responsibilities. If that proves to be the case, wind energy stake-
holders armed with information must be at the table in each region for both interim 
and future rule development processes. The methods developed in other regions must 
be presented and applied to specific grid rule development processes in these venues.
In addition, FERC is showing interest in amending Order 888 to re
re
rules that have been a large barrier to wind generators.   
 

 
Draft Wind Energy Multi Year Program Plan  Page 50

 



 
 Technology Application

Without such activity, wind energy will inevitably suffer arbitrary and unsubstantia
reductions in value. This is a major challenge for the entire wind energy community, 
and the program is providing a critical support role. 
 
The program is actively engaged in supporting regional processes to develop grid rule
for wind. Efforts in this area include: 1) Participation in Western Electric Coordinatin
Council (WECC) and the aforementioned Rocky Mountain Area Transmission Initiativ
processes; 2) Supporting the efforts of program consultants to quantify the costs and
benefits of wind integration, including regulation

ted 

s 
g 
e  
 

 impact and capacity credit, into the 
alifornia ISO and the Southwest Power Pool; 3) Monitoring New England RTO, PJM 

nd 4) Working with the Western Interstate Energy 
oard on “A Project to Facilitate the Sharing of Wind Energy Information Across the 

m’s 

-
x-

 
 coming years. 

e 

ap-
d 

 

nd 
nd hydropower resources in November 2003 when it sponsored an IEA R&D Wind 

wer 
chnologies and can work together to provide a stable supply of electricity to an inter-

C
RTO and New York ISO processes; a
B
Western Interconnection.” 
 
Offshore Wind Development – Traditionally, the great majority of the Wind Progra
activities have been directed at onshore wind deployment, including the System Inte-
gration work outlined above.  Over the next several years, attention to offshore wind is 
likely to expand in the United States – as it has in Europe – particularly in coastal re
gions.  Offshore deployment will bring its own set of system integration issues. For e
ample, injection of large amounts of variable power at single points of connection to 
transmission networks that may already be congested or severely undersized– as well 
as impacts of this power on operation of the power system – will require extensive 
analysis.  It is likely that some of the Systems Integration program’s attention will shift
toward offshore issues over the
 
Operational Impacts Mitigation Strategies – As wind deployment expands, costs 
for the integration of wind onto the grid may increase, especially at higher penetra-
tions. Both short and longer term mitigation of variability issues, including wind plant 
forecasting and control, application of energy storage and regional cooperation, could 
reduce additional integration costs. In the near term, efforts in this area will includ
examination of wind and hydropower integration opportunities. Early efforts will per-
form site-specific analyses and case studies for WAPA and BPA. In the longer term, ef-
forts may include wind integration with storage, wind generation of hydrogen, and 
plication of wind power to large, unconventional markets such as water treatment an
desalination. Activities like these are essential for wind to evolve into a truly significant
contributor to the nation’s energy needs. 
 
Emerging Applications 
 
Wind and Hydropower – DOE began exploring the potential synergy between wi
a
Annex XI Topical Expert Meeting on the Integration of Wind and Hydropower Systems. 
Hosted by BPA in Portland, Oregon, the meeting drew 28 energy experts from the 
United States, Canada, Norway, and Sweden. The participants’ presentations ranged 
from high-level national perspectives on wind/hydropower integration to details of 
specific wind/hydropower projects. The main topic was whether wind and hydropo
te
connected grid. Although no formal decision was made, the formation of an IEA 
wind/hydropower integration R&D annex is being seriously considered. 
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In the meantime, DOE has begun to analyze several specific potential and actual ge
eration projects and full watershed basin/electric control areas. Planned work in-
cludes: 1) Upper Missouri River Basin Study – In c

n-

onjunction with the Western Area 
ower Administration (WAPA) and the U.S. Army Corps of Engineers, the program is 

e 

, will be studying the potential for integrating significant 
ind energy into their hydro operations; and 4) Arizona Power Authority (APA) 

 
u 

ther 

y sources for hydrogen 
roduction while reducing environmental impacts, including atmospheric CO2 emis-

 

 
educ-

g CO2 emissions and reducing the need for hydrocarbon imports. In September 
ing together stakeholders from the wind, hydro-

ower, and electrolysis industries to explore the potential for cost-effective electrolytic 
t-

n 
lic 

r-
 

 in-

us-
uture activities. NREL re-

earchers will incorporate the recommendations they received from industry members 

P
exploring the technical potential of integrating large amounts of wind power into the 
Upper Missouri River hydropower operations; 2) Bonneville Power Administration 
(BPA) Operating Analysis – BPA is examining the impacts and costs of integrating larg
amounts of wind power into their system and has created two related product offer-
ings; 3) Grant County Public Utility District (GCPUD) Wind/Hydro Study – GCPUD, 
with the assistance of NREL
w
Wind/Hydro Study –  APA, as a customer of Hoover Dam electricity, will be initiating a
feasibility study on integrating wind into their hydropower allocation. The U.S. Burea
of Reclamation and WAPA will be collaborators in the study. 
 
Wind and Hydrogen – Researchers are also looking at both wind and hydropower – 
two of the lowest cost renewable energy resources – to help produce hydrogen, ano
clean energy source. According to a report recently released by the National Research 
Council (NRC),“A transition to hydrogen as a major fuel in the next 50 years could 
fundamentally transform the U.S. energy system, creating opportunities to increase 
energy security through the use of a variety of domestic energ
p
sions and criteria pollutants.” The report recommends that DOE focus its research on
distributed natural gas and wind-electrolysis to enable this transition within the next 
two decades. 
 
As one of the most cost-competitive renewable energy technologies available today, 
wind energy has the greatest potential for producing pollution-free hydrogen. It fulfills
two main motivations propelling the current push toward a hydrogen economy; r
in
2003, DOE hosted a workshop to br
p
production of hydrogen from wind and hydropower. Fifty-three participants, represen
ing wind turbine manufacturers, electrolyzer manufacturers, hydropower generatio
facilities, utility companies, research institutes, national laboratories, trade and pub
interest associations, consulting research firms, and DOE, attended the workshop. 
The key goals were to: 1) Start a dialogue among industry stakeholders on key oppo
tunities and potential technology synergies; 2) Review and gather industry feedback on
current modeling and analysis efforts funded by DOE on the potential for co-
production of electricity and hydrogen from wind and hydropower; and 3)  Obtain
dustry input on key challenges to electrolytic production of hydrogen from wind and 
hydropower and the R&D activities needed to address these challenges. 
 
The program and the participants agreed to continue and expand the dialogue on hy-
drogen production with a larger group while DOE considers the formation of an ind
try working group that will develop recommendations for f
s
in their modeling 
efforts.  
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Clean Water – Finally, the program began in 2004 to identify ways in which wind 
power could contribute to supplying and cleaning water for the U.S.  The program be-
lieves that wind power could enhance regional water stocks by reducing traditional 
generation sources’ demand for water. Thermal power generation now uses as much 
fresh water in the U.S. as irrigation (each use 39 percent of total), using on average 21
gallons of water to produce one kilowatt hour of electricity.  
 

 

hile wind energy has historically been used for water pumping and irrigation, today’s 
an important role in ensuring future water supplies.  Wind 

ould be used for desalination of inland brackish or coastal sea water, to provide 

 and 

Systems Integration

9. Complete comparative evaluation of capacity 
accreditation methods

10. Complete periodic review by SI Expert Group

perspective

Milestones

1. Promote development of consensus utility 
transmission planning principles

2. Complete primer for utilities on expected operational 
impacts of wind power 

3. Complete periodic review by SI Expert Group 
4. Ensure availability of efficient wind-plant electrical 

models for representative wind generation hardware 
5. Complete and publish comprehensive summaries of 

wind’s impacts on electric-system operation and 
ancillary-services costs 

6. Complete high penetration study, with validation, for 
one RTO 

7. Complete three case studies of wind forecasting value
8. Complete mitigation study for RTO studied in 2006 

20122011201020092008200720062005

Technology Characterization and Data Collection

Tools and Methods Development

154 11

165 12

11. Ensure availability of efficient wind-plant electrical 
models for representative wind generation hardware

12. Complete and publish comprehensive summaries of 
wind’s impacts on electric-system operation and 
ancillary-services costs 

13. Complete evaluation and recommendations for high-
wind penetration scenarios based on production of 
electricity and hydrogen

14. Complete periodic review by SI Expert Group
15. Ensure availability of efficient wind-plant electrical 

models for representative wind generation hardware
16. Complete and publish comprehensive summaries of 

wind’s impacts on electric-system operation and 
ancillary-services costs 

17. Complete periodic review by SI Expert Group
18. Complete recommendations for long-range power 

system planning that optimizes the realization of wind 
power’s overall benefits from a comprehensive IRP 

Application and Implementation
61 2 8 97 13 183 10 14 17

W
wind systems could play 
c
power needed to treat water used in oil and gas exploration processes, to provide 
power for municipal waste water treatment, and to meet distributed water stock 
pumping and irrigation needs.  The program will be looking at the technical and prac-
tical aspects of these applications over the next several years. 
 
  
6.1.5  Milestones 
 
Milestones for the Systems Integration subkey activity provide planning guidance
a means by which progress can be tracked.  
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5.2  Technology Acceptance  
 
The Technology Acceptance subkey activity provides 
information about wind energy technology and its po-
tential benefits to the stakeholder community, to allow 
informed decision making and to reduce undue barriers 
to the use of wind power. The success of Technology 
Acceptance efforts in removing barriers will be key to 
he long-term success of LWST and DWT technologies t

and to emerging applications of wind technology in the 
energy marketplace. 
 
5.2.1 Goal 
 
The current (FY 2004) goal of the Technology Acceptance subkey activity is that “By 
2010, at least 100 MW will be installed in 30 states.”  In FY 2005, the Wind Program 
will develop - and formalize - a more useful measurement system to gauge the overall 
maturity of state wind markets.  To this end, the revised long-term goal will be “By 
2010, at least 30 states will have mature markets that can support wind’s continued 
rowth.”  Thisg  will be a more robust goal, as it will gauge markets in terms of major 

mericans, 
nd other state and local stakeholders, WPA can help build a state-level coalition. By 

e aimed at reducing undue barriers to use of wind power. The Sys-
ation work targets the more technical barriers, while the Technology Accep-

d 

indicators such as overall awareness, legislative and regulatory environment and re-
source assessment in addition to installed capacity and wind resource potential. 
 
5.2.2 Technical Challenges 
 
Numerous institutional and informational barriers have slowed, and continue to slow, 
the adoption of wind power. These barriers are distinct from technology cost and per-
formance issues yet, ultimately, could prove to be just as important. For example, 
some states have aggressively adopted policies and undertaken other barrier reduction 
actions to facilitate the deployment of wind energy. Other states have not yet explored 
their wind resources or the potential for wind to stimulate economic activity. The chal-
lenge for Technology Acceptance is to develop, disseminate, and support an appropri-
ate mix of technical information for - and general outreach to - a reasonable number of 
states where there are strong wind resources yet little public or private wind momen-
tum exists. Another challenge is to bring the wind message to potential users of dis-
tributed wind technology. By reaching out to farmers, ranchers, Native A
a
building bridges to environmental and regulatory communities, the NWCC can help 
reduce barriers of interest at the national level. 
 
The Wind Program’s Technology Acceptance efforts complement those being pursued 
under other elements of the Wind Program including the Systems Integration subkey 

as both aractivity, 
ems Integrt

tance efforts tend to address issues associated with state, local and consumer-owne
utility unfamiliarity with the technology. 
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5.2.3 Technical Approach  
 
Strategy  
 
The strategy of the Technology Acceptance effort is to build, in all applicable regio
the country, state-level support for the increase use of wind power.  A state-focused 

power marketers, environmental organizations, agriculture and

ns of 

strategy acknowledges the critical role that states have played, through policy-making, 
incentive adoption, and stakeh t, in wind power’s development to date.  
The primary mechanisms for pursuing this subkey activity are the Wind Powering 
America (WPA) program and the National Wind Coordi mmittee (NWCC).  
 
WPA was established in 1999 to identify barriers to wi
strategies for overcoming them, primarily at the state l  devel-
oped a package of technical assistance and outreach activities that is aimed at key 
user communities – farmers and ranchers, Native Ame -
tives and consumer-owned utilities, and publicly-owned facilities.  DOE’s Regional Of-
fices work with these stakeholders and state and local officials to identify interest in 
wind power, identify their needs, and form state level W ild 
the local presence required to accelerate wind’s widespre n. WPA has 
adopted a number of operating principles, including: fo re 
good wind resources yet little to no development, or working at the “market margins”; 
leveraging and building institutional partnerships; devel pplica-
tions; replicating successes; utilizing existing national, regional, and local expertise; 
and coordinating with established wind institutional reso
 
The strategy of the NWCC, a U.S. consensus-based colla  is to 
establish dialogue among key stakeholders, and catalyze o sup-
port the development of environmentally, economically able 
commercial markets for wind power. NWCC members i  
electric utilities and support organizations, state legislatures, state utility commis-
sions, consumer advocacy offices, wind equipment suppliers and developers, green 

 economic development 
rganizations, and state and federal agencies. The Wind Program provides the largest 
are of financial support for the NWCC but does not determine its research and out-

ince the initiation of the Wind Powering America program, three phases of wind ac-
eptance have been used to measure progress, based primarily on a state’s installed 
apacity (<20 MW, 20-100 MW, >100 MW).  Because it is recognized that several vari-
bles in addition to installed capacity contribute to overall maturity of state wind mar-
ets and that there are emerging markets for wind power, the Wind Program is re-

evaluating measures of success.  Generally, however, Technology Acceptance will con-
tinue to be measured in three phases.  The first phase is characterized as being the 
time before significant levels of awareness or adoption are evident in a given state. The 
second phase is the time between when WPA-supported activities have begun in a 
state and when the state-based efforts become relatively self-sufficient. This phase is 
generally characterized by intense Technology Acceptance efforts and support and by 
an increasingly active wind market. When the final phase is reached, and mature 

older involvemen

nating Co

nd power’s use and to pursue 
evel. The WPA team has

ricans, rural electric coopera

ind Working Groups to bu
ad adoptio

cusing work where there a

oping innovative pilot a

urces. 

borative formed in 1994,
 appropriate activities t

, and politically sustain
nclude representatives from

o
sh
reach agenda. 
 
Performance Measures 
 
S
c
c
a
k
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markets conducive to wind are established,
uently wind down, and focus can be shift

 Technology Acceptance activities can fre-
ed to other states. At that point, in-state ex-

omentum built by DOE’s Tech-
orresponds 

e 100 MW level. However, 
ivities in a state might continue 

 to measure Technology Ac-
he initiation of the Wind Powering America Program. 

q
pertise has reached a level sufficient to continue the m
nology Acceptance activities.  WPA’s experience suggests that this level c
roughly to the time that the installed capacity reaches th
there may be strategic considerations under which act
well past the 100 MW level. 
 
Current State Progress Measurement System 
 
Table 6 lists the annual target levels that have been used
eptance progress since tc

 
 
 

Table 6. Technology Acceptance Goal  
and Annual Targets 

Year 
Number of States With Mature 

Wind Markets 
(Technology Acceptance Goal)

Number of States With 
Active Wind Markets 
(Supporting Targets) 

2002 8 13 

2003 10 19 

2004 12 25 

2005 16 32 (interim target) 

2006 19 34 

2007 22 36 

2008 25 38 

2009 27 39 

2010 30 (goal) 40 
 
 
Figure 15 illustrates in general how Technology Acceptance goals are tracked and how 
areas of emphasis are identified on a state-by-state basis. The figure also shows the 
role of the Technology Acceptance Steering Committee, which provides overall strategic 
guidance to the effort and has provided general input in defining a state’s level of mo-
mentum. The membership of the Steering Committee is drawn from a range of sectors
and experts and includes DOE program and field management. 
 
The top portion of the figure shows which states are in which wind momentum cate-
gory (as of the end of 2004). The map also identifies which states have been part of 
echnology Acceptance activities to-date and wh

 

ich await future activity.  The bottom 
 

 
 

or FY 2005, the program will develop a more detailed and rational process to assist in 
source decision making across Technology Acceptance.  This process will build on 
isting efforts and new tools available to the program, including a new WPA consoli-

ated monthly activity reporting system.  The program will revise its performance indi-

T
portion of the figure illustrates how the Program tracks activities, provides a projection
of when targets will be met, and identifies expected future activities.  This information
is used to support program performance reporting requirements and to identify future
priority program activities. The program maintains a state activity tracking database 
on the WPA website to provide detailed information about activities and to assist the 
program and the WPA Steering Committee in its planning function.  
 
F
re
ex
d
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cators and measure the progress in each state where work is underway and identify 
candidates to receive future program assistance.  The overall indicator will be level of 
state maturity related to wind acceptance, which will be determined in conjunction
with appropriate DOE headquarters and field program managers and the WPA Steer-
ing Committee.   
 

Validated Wind Map
Anemometer Loan

SWT

i Wind Workshop
Wind Working Group

Small Wind Guide
Legislative briefing

Figure 15. Status of Technology Acceptance Activities (end of FY2003) and Illustration of 
Planning Approach for Future State-Level Activities
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Figure 15. Status of Technology Acceptance Activities (end of FY2003) and Illustration of 
Planning Approach for Future State-Level Activities

• 2002: Small wind guide
• End of 2005: Target for sustained momentum

States With Sustained Wind Momentum

0 20 30 40 5010

Wind Workshops

Number of States with:

Validated Wind Atlases

Performance Indicators

Key to State Activities

• 2002: Small wind guide
• End of 2005: Target for sustained momentum

States With Sustained Wind Momentum

0 20 30 40 5010

Wind Workshops

Number of States with:

Validated Wind Atlases

Performance Indicators

Key to State Activities

• 2002: Small wind guide
• End of 2005: Target for sustained momentum

States With Sustained Wind Momentum

0 20 30 40 5010

Wind Workshops

Number of States with:

Validated Wind Atlases

Performance Indicators

Key to State ActivitiesKey to State Activities

Technology Acceptance PrTechnology Acceptance PrTechnology Acceptance Progressogressogress Technology AcceptanceTechnology AcceptanceTechnology Acceptance

Wind Working Groups

Legislative and Policy Briefings

Anemometer Loans

Small Wind Guides

Wind Working Groups

Legislative and Policy Briefings

Anemometer Loans

Small Wind Guides

Wind Working Groups

Legislative and Policy Briefings

Anemometer Loans

Small Wind Guides

No Wind Momentum

Growing Wind Momentum

Sustained Wind Momentum

Technology Acceptance Planning Matrix

Technology Acceptance 
Expert Panel

State Activity
Tracking Data

More than 20 MW

More than 100 MW
No Wind Momentum

Growing Wind Momentum

Sustained Wind Momentum

Technology Acceptance Planning Matrix

Technology Acceptance 
Expert Panel

State Activity
Tracking Data

More than 20 MW

More than 100 MW
No Wind Momentum

Growing Wind Momentum

Sustained Wind Momentum

Technology Acceptance Planning Matrix

Technology Acceptance 
Expert Panel

State Activity
Tracking Data

More than 20 MW

More than 100 MW

Activities
• 1999: Wind workshop; Wind Working Group; Validated wind map
• 2000: Anemometer loan program

States With No Wind Momentum

1999 2006 2007 2008 20092002 2010

Target Date For 
Sustained Momentum 

SWT
i

States With Growing Wind Momentum

ND

Activities
• 1999: Wind workshop; Wind Working Group; Validated wind map
• 2000: Anemometer loan program

States With No Wind Momentum

1999 2006 2007 2008 20092002 2010

Target Date For 
Sustained Momentum 

SWT
i

States With Growing Wind Momentum

ND

Activities
• 1999: Wind workshop; Wind Working Group; Validated wind map
• 2000: Anemometer loan program

States With No Wind Momentum

1999 2006 2007 2008 20092002 2010

Target Date For 
Sustained Momentum 

SWTSWT
i

States With Growing Wind Momentum

ND

 

 
Draft Wind Energy Multi Year Program Plan  Page 57

 



 
 Technology Application

As the Technology Acceptance effort achieves its goals, and produces the desired ma-
ture markets and sustained momentum, the Wind Program anticipates that the focus 
of Technology Acceptance will change. For example, the need for resource maps and 
anemometer loans will end as momentum builds.  In addition, new markets are and 
will continue to emerge where wind technology, particularly new low wind speed tur
bines, will play a role.  The program expects that Technology Acceptance efforts will 
transition from state-based t

-

echnical assistance to a more-regional focus on emerging 
arkets. As this change occurs, the programmatic distinction between Systems Inte-

e reduced, and overlapping functions will be 
liminated.  

he Program is pursuing six themes under the Technology Acceptance subkey activity. 
 
Outreach to State-Based Organizations
 
Over the past sever ars, the as work ormation of state 
wind working groups to se  lo  outreach to local 
communities and st olders. As of the end of FY2004, formal groups had been es-
tablished in 22 stat ross the U.S., from Virginia to Hawaii. Some of these have be-
come quite self-suff t and Techn gy Acceptance support for them has been re-
duced.  However, the majority of states still do not have functioning groups.  
 
Through these state groups, a mix of WPA-supported technical and general activities is 
provided. For exam nderstanding the wind resource is the first step of many to-
ward increasing ins d wind capa y. WPA has found that many state, county and 
local stakeholders a naware of ind resources or are using information devel-
ped almost 20 years ago. To begin to address this information deficit, WPA launched 
n anemometer loan program with states to begin to increase familiarity with wind en-

e 

ed 

 work with local 
lected officials and economic development staff to educate them on how they can es-

-

m
gration and Technology Acceptance will b
e
 
5.2.4  Research Activities 
 
T

 

al ye  program h ed to foster the f
rve as focal points and cal presence for

akeh
es ac
icien olo

ple, u
talle cit
re u  their w

o
a
ergy, in general, and to create the intellectual infrastructure necessary to move for-
ward. Similarly, WPA began to cost-share development of updated state wind resourc
maps that show public and private officials, as well as landowners and other stake-
holders, the extent of the wind resource in their state.  At the end of 2004, there were 
31 validated state wind resource maps.  By the end of FY2005, validated maps will be 
available for Missouri, Nebraska, and western areas of Alaska. 
 
Wind provides substantial rural economic development opportunity because of the 
significant overlap of wind resource and rural areas. WPA directly engages state-bas
agricultural organizations, as natural partners for rural wind development, to leverage 
pre-existing contacts with the farming and ranching communities. Currently, wind 
farms in rural areas provide annual payments to the landowners, added state and lo-
cal tax revenues, local revenues during construction, and quality long-term jobs. The 
NWCC has directed a part of its recent efforts at developing techniques for estimating 
the local economic benefits of rural wind development, and has applied that work to 
three case studies. Over the next several years, the NWCC intends to
e
timate wind power’s benefits to their local community. The NWCC has also played an 
important role in developing a better understanding of the transmission and distribu
tion system infrastructure required to support rural wind development. This effort is 
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coordinated with, and complements, the Systems Integration activities to engage the 
regulatory community on wind issues. 
 
WPA has established partnerships with national, state and local agriculture sector in-
terests. A number of these, such as the American Corn Growers Association and the 
Cattlemen’s Association, have joined to form the Agriculture-Wind Interest Group. 
WPA also works with the U.S. Department of Agriculture and others to take advantage 
of their extensive contacts with stakeholders in the rural community and to increase 
access to USDA’s rural power systems funding programs. In February  2003, the Wind 
Program, on behalf of DOE and EERE, began a cooperative effort to support USDA’s 
implementation of the Farm Security and Rural Investment Act of 2002 (“the Farm 
Bill”), through a five-year program to foster the greater use of renewables in rural 
communities.  
 
WPA, in conjunction with the National Conference of State Legislatures, has provided 
legislative briefings on technical aspects of wind energy systems. The NWCC has an 
on-going wind farm siting work group that is detailing best practices for permitting 
wind generation facilities. An early NWCC focus on avian issues has played an impor-
tant role in moving that debate toward having a factually and methodologically sound 
basis.  
 
Small Wind 
 
The Technology Acceptance effort works to remove barriers to the increased use of dis-
tributed and/or small wind technology, in support of the program’s Technology Viabil-
ity efforts on DWT. The small wind outreach efforts provide important non-technical 
support to the industry’s small wind roadmap, as described in the DWT chapter. 
Technology Acceptance activities to overcome the barriers to the use of small wind sys-
tems include focused small wind energy workshops and meetings, development of a 
small wind calculator, customized wind resources maps, and development of state-
specific Small Wind Guides containing resource, policy, technical information, and 
state contacts. As the technology development efforts under the Wind Program’s DWT 
subkey activity lead to more cost-effective small wind turbines, the small wind out-
reach efforts may grow in importance. 
 
Institution Building Through Utility Partnerships 
 
The Technology Acceptance effort has established partnerships with public power or-
ganizations such as the American Public Power Association (APPA) and with rural co-
operatives associated with the National Rural Electric Cooperative Association 
(NRECA). At the present time, the sharing of experience among the members of this 
community has helped build momentum for utility acceptance, and even support, for 
wind. For example, NRECA has sponsored workshops in Kansas, Colorado, and North 
Dakota to facilitate discussion, and Basin Electric Power Cooperative, with its pioneer-
ing support for 80 MW of wind in South Dakota and North Dakota, has become an 

 
important spokesman for the technology. The Technology Acceptance efforts coordi-
nate closely with, and take advantage of, Utility Wind Interest Group (UWIG) activities
under the Systems Integration subkey activity. In the longer-term, the outreach and 
communication partnerships with utilities will prove to be an important element of 
program support to regional groups fostering greater integration of wind power. 
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Support for Native American Interest in Wind Power 
 
There are no large-scale wind developments on Native American lands, despite the 
wide availability of excellent wind resources on those lands. A milestone was achieved
however, in early 2003 when the first Native American 750-kilowatt (kW) wind turbin
was installed on the Rosebud Sioux Indian Reservation.   
 
Technical assistance and outreach efforts are underway with over 20 tribes from 13 
states and regions with good wind resources to expand Tribal wind activities, from 
planning and

, 
e 

 resource assessment to project development options.  For example, WPA 
elped establish a Native American Wind Interest Group (NAWIG) which facilitates en-

ge other interested Tribal representatives on all aspects 
f wind energy.  WPA also administers a Native American anemometer loan program 

ind resource and potential development options.  WPA has also provided guidance 
wards for wind exploration and business plans, 

nd provides a means for Native Americans to attend wind energy training programs 

 

nvironmental Considerations 

h 

Wind Program’s envi-
nmental strategy and include impacts on ecological resources, noise levels and vis-

 or 

ill 
-
 
 

 
 
 

for environmental impact, the Program will pursue strategies to meet several environ-

h
courages Tribal experts to enga
o
that is enhanced with focused technical assistance to help Tribes understand their 
w
to Tribal officials seeking financial a
a
under the DOE-supported WEATS (Wind Energy Applications and Training Sympo-
sium) program.  The wind program also works with other elements within EERE, such
as DOE’s Tribal Energy Program, to increase the use of wind power on Tribal lands.  
WPA also engages numerous Tribal organizations such as the Intertribal Energy Net-
work (ITEN) to augment existing activities. 
 
E
 
Wind energy is a net environmental benefit to the communities in which it operates 
and to the nation overall:  it emits no air pollution or greenhouse gases, reduces de-
pendence on imported sources of energy, contributes to local economic development, 
and does not present a security threat.  However, the construction and operation of 
wind turbines can create real impacts on a range of environmental resources.  Some of 
those impacts are common to all major construction projects, specifically those whic
impact air, soil, and water quality.  With appropriate use of accepted best manage-
ment practices, these can be minimized or avoided.   
 
In addition, there are significant potential impacts that result from characteristics of 
wind facilities themselves.  These are the areas which drive the 
ro
ual aesthetics. Wind development has the potential to significantly reduce, fragment
degrade habitat for wildlife, fish and plants, as well as to directly and indirectly cause 
harm to biotic communities, especially to birds and bats.  The wind program has led 
substantial research efforts to understand, avoid and minimize these impacts, and w
continue to do so.  Noise impacts result from construction, turbine operations, substa
tion operations (transformer noise and switchgear noise), and transmission line noise. 
Proper siting and equipment design and the use of setbacks from residential areas can
help minimize these impacts. Finally, while the visual impact of wind turbines on the
landscape is quite subjective, it poses a real challenge to the continued growth of wind
energy.   As with noise and ecological impacts, visual aesthetics must be considered in
the context of other types of development that affect the visual landscape. 
 
Recognizing the net environmental benefit of wind development but also the potential 
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mental objectives for wind energy.  These objectives include: identifying and support-
ing scientific research priorities relating to the impact of wind energy facilities on wild-
fe, assisting other federal agencies in developing and supporting mechanisms that 

 
 

p-
ind to the attention of key stakeholder groups. This Technology Appli-

ation theme is a result of growing awareness of the role that low-cost electricity 
 

ith 

ind energy can be used to power the production or movement of clean water (desali-
 facilitate water management strategies for operators of hydropower facili-

ies. Wind turbines may also be designed and tailored to serve in various agricultural, 

f 
as-

d 
anding early wind markets. Federal facilities 

re beginning to look to wind as a source of clean power. In general, however, the fed-
e wind plants, but have agreed to pur-

hase power from those plants. The Technology Acceptance activity will continue to 

u 

se 
l 

cur-
g the future hydrogen economy. The electricity produced by wind turbines (either 

li
enable developers to meet the statutory, regulatory, and administrative requirements 
that protect wildlife, helping to ensure that responsible environmental compliance can
be achieved by wind power developers without disadvantaging the economic outlook
for wind growth, and addressing sources of consumer resistance to large scale de-
ployment of wind, particularly visual and auditory. 
 
Emerging Applications 
 
A portion of future Technology Acceptance efforts will be focused on bringing new a
plications for w
c
and/or mechanical power can have in markets other than the bulk power market that
has been the program’s traditional target application.   Potential new applications in-
clude the use of wind to provide clean water, meet clean air requirements, comply w
federal clean power requirements, develop renewable energy on public lands, and to 
produce hydrogen for transportation and electric generation markets.   
 
W
nation) and
t
mining, or water pumping applications. WPA and the NWCC are both expected to be 
increasingly important as the deployment of wind turbines offshore advances, and as 
added communications and information dissemination requirements arise.  The use o
wind power to meet local economic, educational or environmental benefits is incre
ing.  This is seen through community-based projects such as installing single turbines 
on public school grounds.  It is also demonstrated through employing renewable en-
ergy technology to meet State Implementation Plans for air quality, as described in 
EPA’s August 2004 published guidance. 
 
Since the federal government is the largest user of energy in the world, its use of win
power can play an important role in exp
a
eral facilities are not the actual owners of th
c
work with the Federal Energy Management Program (FEMP) to foster use of wind 
power by federal agencies.   
 
An important success, related to public lands, was achieved in 2003 when the Burea
of Land Management (BLM) adopted procedures that include wind in BLM’s long-term 
land plans and allow Programmatic Environmental Impact Statements (PEIS) to 
streamline siting processes. These changes, advocated by the wind program and offi-
cially supported via technical assistance and funding, should greatly facilitate the u
of wind power on federal lands.  This effort will also serve as a model for other federa
agencies such as the U.S. Forest Service and USDA and state public lands administra-
tors.  
 
Finally, there will likely be a strong role for wind technology, among others, in se
in
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dedicated wind turbines or using surplus power) could be the lowest-cost renewable 
esource to create hydrogen through electrolysis of water. Wind-produced hydrogen 

-
r
could then be stored, shipped and used for either electricity generation or as a trans
portation fuel in fuel-cell powered vehicles.  
 
 
 
 
5.2.5  Milestones 

  
Milestones for the Technology Acceptance subkey activity provide planning guidance 
and a means by which progress can be tracked.  
 
 

1

Milestones
1. Provide technical and outreach support on wind 

technology at one public power wind event
2. Provide technical and outreach support for one 

multi-state, agricultural sector wind event
3. Facilitate Western Region Transmission Meeting 

III 
4. Convene nation-wide state wind work group 

Technology Acceptance

17 18112 4 146 7 10 13 16

20122011201020092008200720062005

Wind Powering America

 

18. 40 states with greater than 20 MW, 30 states with 
greater than 100 MW

(WWG) summit
5. Facilitate Midwest Wind Transmission Meeting 
6. 32 states with greater than 20 MW, 16 states with 

greater than 100 MW
7. 35 validated state wind resource maps
8. Facilitate Siting/Permitting Workshop 
9. Partner with USFWS on Regional Meetings

greater than 100 MW
17. 39 states with greater than 20 MW, 27 states with 

greater than 100 MW

National Wind Coordinating Committee

5 8 123 9 15

10. 34 states with greater than 20 MW, 19 states with 
greater than 100 MW

11. 25 Wind Working Groups, 15 of which have 
announcements and information posted on 
websites

12. Update Methods and Metrics document
13. 36 states with greater than 20 MW, 22 states with 

greater than 100 MW
14. 30 Wind Working Groups, 25 of which have 

announcements and information posted on 
websites

15. Transmission investment study 
16. 38 states with greater than 20 MW, 25 states with 
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6.3  Supporting Engineering and Analysis 
 
The Supporting Engineering and Analysis (SE&A) sub-
key activity provides a number of necessary functions 
to support industry and the program and to further 
wind energy technology deployment and application. 
 
6.3.1 Goal 
 
The efforts under this subkey activity are expected to 
help reach all four of the Wind Program’s goals. 
 
6.3.2  Technical Challenges 
 
The stakeholder community’s perception of the credibility of the Wind Program’s ef-
forts is important. The challenge is to establish processes, procedures, and analyses 
that enhance this credibility. Each of the activities under the SE&A activity presents 

s own set of unique challenges.  

he success of this subkey activity, and progress in meeting its objectives, will be re-

s 

ation, technology road mapping, program planning, and the development of 
rogram metrics and benefits analyses. This will help DOE meet expectations and re-

it
 
6.3.3 Technical Approach  
 
Strategy  
 
The strategy of the SE&A effort is to undertake, in consultation with industry, critical 
cross-cutting activities that span the needs of the wind stakeholder community, but 
are unlikely to be supported by individual companies. 
 
Performance Measures 
 
T
flected in the progress made toward the four wind program goals. The relative contri-
butions and performance metrics can readily be quantified by the number of publica-
tions produced; the number of public/private collaborations initiated; and the effi-
ciency and effectiveness of program operations. The achievement of the milestones 
provided below will also provide an indication of success.  
 
6.3.4  Research Activitie
 
The Wind Program is pursuing two specific research areas under the Supporting En-
gineering and Analysis subkey activity: 
 
Supporting Technical Analyses and Communication Products 
 
Technology Planning & Analysis:  NREL and its subcontractors will provide tech-
nology planning and analytical expertise to program headquarters to support strategy 
formul
p
quirements for the effective R&D program management necessary to reach program 
goals. It will also enhance the management link with DOE headquarters, laboratory 
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implementation of the annual operating plan, and support of the annual program 
planning and review process. Technical assessments will monitor the status of curre
wind technology in diverse applications, assess future improvements in the cost per-
formance of wind technology (e.g., technology

nt 

 characterization), assess benefits in 
upport of the Government Performance and Results Act (GPRA), track installed U.S. 
ind capacity and industry/utility plans for expansion, and identify technological 
athways that will lead to wind’s success in the marketplace. Analysis will also sup-
lement program activities focused on large and small wind systems, systems integra-

ities, hybrid systems, and emerging wind applications.  

easure program progress, and en-
ure that research activities can be demonstrated to have a direct link to achieving the 
rogram’s top-level objectives and goals. A formal performance measurement system 

and technology tracking process will be implemented to guide multiyear planning and 
to realize the benefits of perf gement. This project will also sup-
port collaborative R&D activities associated with the IEA Wind Implementing Agree-
ment, including participation in the IEA Wind R&D Ex ordi-
nation with Annexes and other implementing agreemen s
 
Communications Support:  This project supports and facilitates communication of 
Wind Program goals, activities and research highlights. Th m publishes and 
distributes communication products to appropriate au ent 
officials, researchers, members of the wind energy industry, utility engineers and 
planners, and other stakeholders interested in the Win P search 
conducted by the NWTC. The communications effort w c
and publication of technical papers, outreach brochure a l arti-
cles, web sites, and conference papers and exhibits.  
 
DOE will co-sponsor conferences that provide a cost-effective forum for the presenta-
tion, discussion, dissemination of wind energy research a ieve-
ments, and cost-effective marketplace applications. Th a to be reached 
in such meetings will include representatives of state a
searchers, utilities, independent power producers, proj rers, 
consumers, and representatives of various federal agen
 

WTC Operations and Program Management  

The SE&A effort also supports the management of the program and the management 
and operation of the National Wind Technology Center (NWTC). The NREL/SNL pro-
gram management team leads and manages over $34 million of complex and diverse 
Wind Program activities that are broken down into distinct tasks to assure appropriate 
high-level management focus for work that is performed at DOE’s two principal Na-
tional Laboratories for wind energy research. 
 
NWTC Operations:  The NWTC facility is located on a 280-acre tract of land in north-
western Jefferson County, Colorado.  The NWTC oversees operation of 32 facilities (e.g. 
test laboratories, field test sites, and buildings including the Industrial User Facility), 
and over 150 components (e.g. industry prototype turbines, research turbines, mete-
orological towers, test sheds). Operations activities will define and develop site infra-
structure and schedule shared NWTC resources. The NWTC offers a uniquely ideal en-

s
w
p
p
tion, market opportun
 
These analyses will provide a basis for prioritizing wind energy technology R&D alter-
natives, establish program goals and metrics to m
s
p

ormance-based mana

ecutive Committee and co
t . 

e progra
diences including governm

d rogram and the re
ill oordinate the production 
s nd materials, journa

nd development ach
e t rget audience 
nd local governments, re-
ect developers, manufactu
cies. 

N
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vironment for testing and evaluating wind turbine designs. Winds from the west have 
e arriving from the east 
mentation is optimized to 

ated with these two flow pat-
 and turbine evalua-

formation. This project will con-
rological (M2) Tower and operate 

e onsite and Web current weather displays. The NWTC will prepare monthly sum-
 wind conditions and validate the raw collected data and archive. This 
eing migrated to an external subcontractor and the NREL/SRRL group to 

ractor will also maintain other 

L/SNL program management team will lead and 
Program activities that are broken down into distinct 

sks to assure appropriate high-level management focus for work that is performed at 

 the DOE Wind and Hydropower Technologies Pro-
on, DC, including strategic planning, monitoring, and 
 performed with program funds by Laboratory staff 

nd subcontractors, and representing the program within NREL, within the National 
ystem, to DOE and to the US wind industry. This effort supports DOE’s 

anagement approach to strategic program planning and execution in two key areas: 

 competition in the 
arketplace; and 2) a formal Peer Review and Stakeholder Input process to benefit 

ry and the research community and to provide an outside 
iew of the program. The program’s planning framework supports DOE/Laboratory 

 

ns 

ean Energy Assessment 
roject is to perform a preliminary evaluation of Ocean Energy Systems for the US. 

current and tidal power will be evaluated, the potential 
r energy production from ocean energy systems will be estimated, and the permitting 

r 

g 

been influenced by complex mountainous terrain, while thos
epresent conditions more typical of the Great Plains. Instrur

measure and document the wind characteristics associ
terns. The measurements serve as planning aids for experiments
tions, and as sources of current and climatological in
tinue continuous data collection from the West Meteo
th
maries of the
peration is bo

acquire, store and post the data. The external subcont
site meteorological towers. 
 
Program Management:  The NRE
manage over $29 million of Wind 
ta
DOE’s two principal National Laboratories for wind energy research. This work, com-
bined with the over 80 subcontracts administered for the Wind Program, presents a 
significant management challenge. The Program Management effort provides direct 
echnology management support tot

gram headquarters in Washingt
day-to-day management of work
a
Laboratory S
m
1) ongoing Technical Assessment to monitor the current status of wind technology, 
evaluate that status within the context of the needs of the marketplace, and identify 
technological pathways that will lead to wind energy’s successful
m
from the guidance of indust
v
program management team decisions about strategic program directions and funding
priorities. 
 
Ocean energy has features in common with wind energy. As the wind program begi
R&D on offshore wind power, the potential for ocean wave, current and tidal power 
can be assessed for a small additional investment. This Oc
p
The technology status of wave, 
fo
requirements and environmental effects will be assessed along with similar studies fo
offshore wind energy systems. 
 
6.3.5 Milestones 
 
Milestones for the Systems Engineering and Analysis subkey activity provide plannin
guidance and a means by which progress can be tracked. 

 
Draft Wind Energy Multi Year Program Plan  Page 65

 



 
 Technology Application

Milestones

1. Join IEA – Ocean Energy Systems Implementing 
Agreement

2. Complete 2004 Peer and Stakeholder Review Report
3. NWTC safety inspection
4. Publish Wind Power Today
5. MYPP update

Supporting Engineering and Analysis

1 2 4 4 4

20122011201020092008200720062005

Supporting Technical Analyses and Communication Products

NWTC Operations and Program Management
3 5 5 5
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Appendix A: Wind Research Portfolio Evaluation 

  
l. 

t 

 the program can, in fact, be achieved. A second objective 
f the pathways model is to explore the implications on program success in meeting 

-

 

-

o illustrate how the model works in its simplest form, assume that there are only two 

, 
her 
y 

owever, as can be seen from Figure A-1, the outcomes of each TIO category (capital 
ion, and O&M) can be represented in the model by a range. Using 

 range of values is appropriate due to the inherent uncertainties about levels of suc-

rally uses a triangular dis-
tribution, such that the end points of the bars in Figure A-1 represent values with es-
sentially no likelihood of occurring. The model can account for any potential interac-
tions among the different TIOs. 
 

At the core of the strategic planning framework is a Wind Technology Pathways Mode
That model is shown in Figure A-1. {It is important to note that all numerical values in 
this discussion are illustrative,  and are provided simply as a way to guide developmen
of  the model’s structure. Similarly, the list of technology improvement opportunities are 
also tentative and subject to change.} 
 
An important objective of the pathways model is to demonstrate that there are suffi-
cient opportunities for wind technology to be improved, through program-sponsored 
R&D, such that the goals of
o
goals if a particular research project does not yield the expected technology improve
ment benefits. Although Figure A-1 may give the impression that the analysis frame-
work is static and deterministic, the model treats the problem probabilistically to ac-
count for uncertainties in the outcomes of R&D. 
 
Looking at the three portions of Figure A-1, starting at the top, in more detail: 
 
Technology Improvement Opportunities 
 
The program research staff has identified a set of technological improvements that are
expected to contribute to the technology’s becoming more cost effective. These have 
been termed the Technology Improvement Opportunities (TIO). Wind turbine design is a 
matter of constant tradeoff between the competing demands of lower cost, greater en
ergy productivity, increased lifetime and durability, and maintenance cost. Achieving 
greater energy production may cost more, or it may cost less. Reducing materials to 
reduce capital investment may adversely affect O&M costs. These are the designers’ 
tradeoffs, and they are captured in the model. 
 
Total System Analysis 
 
T
TIOs. The first reduces capital cost by 10% and also increases energy production by 
5%. The second, which is totally independent of the first, reduces cost by another 7%
but produces 4% less energy (a cost-effective trade-off). Simply adding the two toget
gives the outcome that cost is reduced by 17% and energy production is increased b
1%. Because cost of energy is proportional to capital cost and inversely proportional to 
energy production, the COE reduction from these two TIOs would be (1-
0.17)/(1+0.01), or 17.8%. 
 
H
cost, energy product
a
cess of R&D activities. In fact, the model actually represents this range as a probabil-
ity distribution around a most likely value. The model gene

 
Draft  Wind Energy Multi Year Program Plan  Page A-1

 



 

 

 Appendix A

In contrast to the simple example just discussed, the model adds the potential 
changes probabilistically,  and produces a range of potential outcomes for cost, energy 

Figure A-1. Wind Technology Pathways Model

Capital Costs Annual Energy Production O&M Costs Reliability

Site-Specific Design/Reduced Design 
Margin TIOs

Advanced (Enlarged) Rotor TIOs

Reduced Energy Losses and Increased 
Availability TIOs

Advanced Tower TIOs

Manufacturing TIOs

New Drive Train Concept TIOs

Advanced Power Electronics TIOs

Learning Curve Effects

+10 +20 +30-30 -20 -10 +40

95

95

95

80

50

100

95

100

Probability
of Program

Success

% Change

(% change from reference turbine)

Total System

Aggregated Potential for Improvement (%)

+10 +20 +30-40 -30 -20 -10 +40

Total System Cost of Energy
Potential for COE Reduction (%)

-40 -30 -20 -10 0

3 cents/kWh

Total System

Aggregated Potential for Improvement (%)

+10 +20 +30-40 -30 -20 -10 +40

Total System Cost of Energy
Potential for COE Reduction (%)

-40 -30 -20 -10 0

3 cents/kWh

TIOs’ Potential for Change

production,  and O&M. This probabilistic treatment is illustrated in Figure A-2. 
 
The model further accounts for the variety of technology configurations that might be 
used to achieve progress (e.g., through different gearbox designs). The model’s ability 
to analyze the variety of approaches to meeting goals is what makes it a true “path-
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ways” model. To illustrate, all turbines require a tower and rotor; but different tower 
designs could be m he same level of 

st-effectiveness. These combinations can be thought of as competing pathways. It is 

ment 
 exchange for that additional technological 

re applied to the baseline COE to calculate 
 COE 

utcomes, the model also produces an estimate of the most likely value and provides a 
ence. 

 
 

c-

e ATTU process in greater detail, with Figure 11 providing the 
sults of the assessments for FY 2003 and FY 2004. 

 linkage in a 
r forcing a constant questioning of the relevance of the sub-

sk effort to overall program goals and objectives.  

-
ocess of annual re-examination of program subtasks 

lso provides a means by which activities that have achieved most of their initial ob-

arried to different rotor designs, and still achieve t
co
critical that the program be able to represent 
the fact that there are many potential ap-
proaches to meeting goals, that some are 
riskier than others, and that some might po-
tentially yield a higher level of improve

TIO1TIO1

in
risk. 
 
Cost of Energy  
 
The model uses a cash flow-based financial 
representation to calculate a levelized cost of 
energy (COE). The percentage changes in 
capital cost, energy production, and O&M 

P
ro

ba

Com posite

%  Im provem ent

%  Im provem ent

P
ro

ba

Com posite

%  Im provem ent

%  Im provem ent

Figure A-2. Probabilistic Treatment of TIOs 

bi
lit

y TIO2

%  Im provem ent

bi
lit

y TIO2

%  Im provem ent

a
the changes in COE due to program activities. In addition to the distribution of
o
curve of COE versus probability of occurr
 
Assessment of Annual Progress  
 
The Wind Technology Pathways Model also serves as the program’s tool for quantifying 
annual progress in R&D. The program accomplishes that annual assessment through
a process called the Annual Turbine Technology Update (ATTU). The progress measured
by the ATTU is the combined result of research conducted under the LWST subkey a
tivity and of those SR&T research activities that support the LWST public/private 
partnerships. 
 
Section 5.1 describes th
re
 
Research Activity Prioritization  
 
An important objective of the wind research evaluation process is to demonstrate that 
every research activity undertaken contributes in a meaningful way to the achieve-
ment of program goals. It is neither practicable, nor desirable, to try to quantify this 
linkage at the subtask level. It is, however, quite informative to make the
qualitative way, as a tool fo
ta
 
The program makes that qualitative linkage as shown in Figure A-3. As seen in the 
figure, every program subtask is assessed for its contribution to the various TIOs. As 
illustrated, some subtasks may be highly relevant to several TIOs, others to only one 
TIO, and yet others, when examined within this framework, may prove to have little 
relevance to any. As the program prioritizes and focuses its research portfolio, those 
subtasks that can apparently make only minimal contribution to technology improve
ment will be terminated. This pr
a
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jective, i.e., have contributed to the TIOs to the extent possible, can be identified and 
terminated. The definition of these off-ramps is a critical element of the program’s 
management strategy. In Figure A-3, subcontract 6 is an example of an effort that is 
no longer contributing to the program goals. 
 

Summary 
 
In summary, the wind program has established a program research portfolio evalua-
tion process that: 

• Sets program COE goals based on a careful analysis of opportunities for tech-
nology improvement through program-sponsored R&D 

• Tracks progress toward those goals using the same analysis tools as are used 
for setting goals, and reports that progress annually in terms of cost of energy 

• Provides program funding guidance on activities that may no longer be contrib-
uting, or have the potential to contribute to, technology progress 

• Ensures that all program-sponsored subtasks can be shown to contribute to 
achieving program targets for cost reduction, energy production enhancement, 
or O&M cost reduction. 

Figure A-3. Assessment of Program Activity Contribution to TIO Progress 
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